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FOR PRIOR FULFILLMENT OF THE RESOLUTION 
OF THE TWENTY-FIRST CONGRESS OF THE COMMUNIST 


PARTY OF THE SOVIET UNION 


V. Andreev 


Soviet metallurgists, inspired by the historic resolutions of the Twenty-first Congress of the Communist 
Party of the Soviet Union, are successfully fulfilling the tasks of the Seven-year Plan. The plan was consider- 
ably overfulfilled in 1959 as regards cast iron, steel and rolled iron. In comparison with 1958 the pouring of cast 
iron and steel and the production of rolled iron increased by about 9 and of tubing by 13%. The coefficient of 
utilization of useful volume of blast furnaces was improved and the drossing of steel from one square meter of 
hearth of open hearth furnaces increased by almost 4%, as a result of which the country obtained an additional 
1.7 milion tons of steel. Metallurgists are with great enthusiasm overfulfilling the increased quota of the second 
year of the seven-year period. 


The announcement of the Central Committee of the Communist Party of the Soviet Union regarding the 
convocation in June, 1960, of a Plenum devoted to the work of industry has evoked a new wave of creative enthu- 
siasm among all the workers in the national economy, including metallurgists. Kevicwing their possibilities, 
miners, blast furnace men, steel smelters, rolling mill operators, cokers and refractory makers have sought out 
new reserves which will enable them to considerably increase the socialist obligations they assumed at the begin- 
ning of the year for the production of ferrous metal above the plan and of the necessary types of ores, fuel and 
materials necessary for this. 


Upon the initiative of the metallurgists and hearth-men of the Dnepropetrovsk economic region and the 
collective of the Nizhne Tagil Metallurgical Combine has developed among the workers of ferrous metallurgy 
a substantial movement to shorten the period for fulfillment of the tasks of the Seven-year Plan as regards both 
the output of production and the rise in the productivity of labor. Special attention is deserved by the initiative 
of miners of the "Bol'shevik"” and "Gigant” mines of the Krivoi Rog iron ore basin, who have bound themselves 
to increase productivity of labor by 2.5 to 3 times during the seven-year period. The collectives of these mines, 
in collaboration with scientists, are developing and introducing progressive measures to raise the level of tech- 
nique and improve the organization of labor and production. They are devoting basic attention to the mechani- 
zation and automation of the productive processes; new machinery has been used for the separation of off-size 
pieces of rock as well as more powerful scrapers, automated heating,ventilating and water-discharge equipment 
and improved signalling. The organization of production has been changed: the "Bol'shevik"” mine has gone over 
to two-shift work with a common day of rest, which considerably facilitated the work and raised its productivity. 
An important step taken was the creation of reinforced sections and complex teams, thanks to which they over- 
came the narrow specialization which beats down the initiative of workers, increases idle time and lowers the 
productivity of labor. 


The steps taken produced significant results. The output of ore per worker per shift at the "Bol’shevik" 
mine rose in 1959 and four months of 1960 from 7.5 to 13.3 tons, and at present it has been brought up to 15 tons, 
and at the "Gigant” it exceeded 15 tons for June of this year. Thus the obligations assumed by the miners of 
these mines, to bring output up to 25 tons per worker by the end of the seven-year period,are completely real and 
will be fulfilled, and possibly even overfulfilled. It is hard to overestimate the importance of this fact, since the 
iron-ore industry is the basis of ferrous metallurgy, and the work of metallurgists depends to a great extent on its 
success. At present blast furnace and steel smelting plants have attained a high level of technical equipment, 
and blast furnace operators and steel smelters appear to be models of communist labor. However, the quality of 
iron ores supplied to agglomerate plants, blast furnace works and open-hearth works should be considerably im- 
proved. 


A correct evaluation of the work of the iron-ore industry can be made only by taking into account the 
quality of the ores supplied to metallurgical plants, their iron and silica contents. At present more than 50% of 
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the iron ore produced by us is concentrated. The portion of concentrates in commercial iron ores has risen in 
postwar years from 9 to 40/, and it is projected to reach 56.5% in 1965. Along with this the technical level of 
our concentrating plants and the quality indices of their work do not correspond to current requirements. The 
average iron content in the concentrates of concentrating mills at present is about 54% and attains 60% only at 
the Olenegorsk plant and the Novyi Krivoi Rog mining and concentrating combine. The silica content of con- 
centrates produced by the Krivoi Rog mining and concentrating combines, the Olenegorsk plant and the Kursk 
Magnetic Anomaly is as a rule over 10% and often reaches 18-20%. As a result the blast and open hearth furnaces 
of the South and Center are operating with an extremely large amount of slag, which in the blast furnaces reaches 
900-1000 kg/ ton of cast iron. This lowers the work indices of the blast furnace operators and steel smelters. 


As the calculations of the Scientific Research Institute for Mechanical Concentration of Metals ("Mek - 
hanobr") and the State Institute for the Design and Planning of Metallurgical Plants ("Gipromez”") show, an in- 
crease of 5-@% in the iron content in the charge of blast furnaces by the end of the seven-year period and bringing 
it up to 60% assures the growth of the industry by about 11% and reduces the unitary consumption of coke by 
more than 8%. In the ferrous metallurgy of the South this will save more than 1.5 billion rubles in investment 


and about 300 million rubles per year in operating expenses. On the scale of the whole national economy the 
saving will be still greater. 


At the present stage of the growth of ferrous metallurgy the concentration of iron ores is one of the main 
reserves in the production of cast iron and steel, in improving their quality and lowering their costs. Workers of 
the iron-ore industry and of the Councils of the National Economy should seek out ways to improve considerably 
the operations of existing concentrating plants, to perfect the technological schemes which have been adopted, 
to master flotation and concentration under difficult conditions and other efficient processes. The advanced 
experience of miners of the Krivoi Rog basin must be passed on to the concentrating plants. 


Soviet blast furnace operators and steel smelters are approaching the Plenum with great achievements. The 
metallurgists of the Nizhne Tagil , Kuznetsk and Magnitogorsk combines, the Cherepovetsk factories, the Serov 
and "Zaporozhstal' " have obtained the best technical-economic indices. In these enterprises in the period from 
January through May the blast furnaces and open hearth furnaces were utilized 8-23/ more than the average level 
of ferrous metallurgical plants of the East and South, and idle time has been 9.1% to 28.6% lower than the average 
in other metallurgical enterprises of those regions. 


The coefficient of utilization of useful volume of the blast furnaces of the Cherepovetsk factory is better 
during the current year than it is even at the Magnitogorsk Metallurgical Combine (MMR), and was 0.59 for six 
months. The consumption of coke per ton of steelmaking pig iron during the six months by blast furnace men of 
the Cherepovetsk factory reached 599 kg without natural gas, and those of the "Zaporozhstal’” attained 607 kg 
with natural gas, which is about 20% lower than the average consumption in factories of the South. Idle time of 
blast furnaces at the Cherepovetsk and Serov factories was reduced in the first half of this year to 0.6 and 0.¥%, 
while for the majority of furnaces in other factories it was about 1.2% and more. 


The open hearth furnace operators of the Cherepovetsk factory, the Kuznetsk Metallurgical Combine (KMK), 
and the Magnitogorsk Metallurgical Combine (MMK) during the first half of this year raised the drossing of steel 
from a square meter of furnace hearth to 8.68-9.34 tons without the use of oxygen, and the steel mill hands of the 
"Zaporozhstal’" and Nizhne Tagil combines, with the use of oxygen, increased the drossing of steel to 10.14 
and 9.98 tons. The consumption of fuel per ton of melted steel was accordingly reduced at these enterprises to 
135-140 kg, which is 9-15% lower than at the other metallurgical factories; idle time of furnaces was reduced 
by 10-26%. 


In spite of the high indices attained, the intraproduction reserves of metallurgical plants are still far from 
exhausted. This is clearly demonstrated by the example of steel mill hands of one of the open hearth furnaces 
of the Nizhne Tagil combine, Yu. Zashlyapin, Ya. Kal'nichenko, T. Obraztsov, Yu. Ploskonenko and others, 
who in five months of this year were able to obtain exceptionally high productive indices. The steel dross at 
that furnace was 11.43 tons per square meter, hourly productivity reached 39.5 tons, and fuel expenditure was 
106 kg/ ton of steel, which is more than 40% better than the average indices in metallurgy. 


The steel founders of this furnace obtained these remarkable results thanks to an excellent knowledge of 
the technology and to efficient and rapid performance of all operations. The use of oxygen assisted this to no 
small degree, as did a new system of complex automation of the control of the thermal conditions of the furnace, 
worked out by the workers of the factory in collaboration with scientists of the All-Union Scientific Research 
Institute of Metallurgical Thermotechnics. Having obtained considerable speeding of the smelting process, the 
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steel workers were also able to raise the durability of the crown to 498 pours, which is 6.6 above the average 
level at the plant. 


This is not a singular example. Open hearth furnace operators of “Zaporozhstai'" in 1959, with the use 
of oxygen, poured 227,000 tons of steel on the average per 185-ton furnace, and the steel mill workers of furnace 
No. 8 (teams under the leadership of I. Moiseenko, P. Zalozh, S. Shestakov and N. Gubar ) produced 237,000 tons, 
which is a world record for furnaces of that rated tonnage. 


Broad distribution of the experience of advanced metallurgists permits the fulfillment in advance of the 


tasks of the Seven-year Plan for the growth of ferrous metallurgy and gives the country more metal of excellent 
quality. 


Oxygen is widely used in our mills as an intensifier of the steel-melting process, but it is not used properly 
everywhere. For example, with the same annual consumption of oxygen the steel melters of the Makeevka Works 
poured 400,000 tons of steel less than those at "Zaporozhstal'", even though at the latter more complex types of 
steel were melted. 


A very important but still not finally solved problem is the economical consumption of high-cost oxygen. 
The Kuznetsk steel smelters obtained different indicators for the large-scale open hearth furnaces operated with- 
out oxygen, reducing idle time on the large-tonnage furnaces by an average of up to 5.5/0 in 1959, At the same 
time the steel melters of furnace No. 2 at that works, inspired by the famous metallurgists M. V. Burkatskii, 
M. T. Kuznetsov, K. F. Shabalov and D. 1. Kuznetsov, in 1959 poured 287,300 tons of steel, 10,400 tons more 


than the plan quota, while at the same time reducing idle time by 3.82%. The indices obtained are second to 
none for furnaces of that capacity. 


Fulfilling the directives of the Twenty-first Congress of the Party, Soviet metallurgists and the workers of 
closely related branches of the industry have done considerable work on putting new aggregates in operation and 
improving the technique and technology of production. Large blast furnaces with capacities of 1513 and 1719 
cubic meters have been built and mastered as have 500-ton open hearth iurnaces equipped with modern arrange- 
ments and automatic apparatus, and new high-volume rolling mills and tube mills, Still more powerful aggregates 
are being built, including 2000 cubic meter blast furnaces and 600-ton open hearth furnaces. 


During the last one and a half years seven new powerful rolling mills have been put in operation, including 
several plate and sheet mills. As is well known, increasing the output of sheet metal is one of the most important 
tasks in ferrous metallurgy. During the current year several more plate and sheet mills are under construction. 


High-calorie, low-sulfur natural gas is widely used in blast and open hearth furnaces. About a third of all 
the blast furnaces of the country are operating with the use of natural gas. On account of this the output of cast 
has increased, the consumption of coke has decreased on the average by 14% and the consumption of poorly cok- 
ing coals by more than 2 million tons. The transition of open hearth furnaces to heating with natural gas has 
assisted the growth of their productivity and the reduction of fuel consumption per ton of steel. More extensive 
use of this high-calorie and pure fuel is an urgent task, but it is necessary to avoid the large losses of coking and 
blast furnace gases which we have at the present time, arising as a result of the unorganized transition of metal- 
lurgical plants to natural gas or of a lag in the construction of gas-consuming aggregates and gas lines. 


A large source of savings in the steel smelting industry is the use of continuous steel pouring equipment, 
which permit the replacement of blooming rolling mills, a reduction by almost half in the amount of tails in 
rolling mills, a considerable reduction in the consumption of refractory materials, lightening the labor of casters 
and automating this most burdensome operation insteel smelting plants. During the period since the Twenty- 
first Congress of the CPSU large scale equipment for continuous casting of steel from 50-90 ton ladles has been 
introduced in a number of metallurgical and machine-tool factories, and in the Stalinsk Metallurgical Factory, 
from 140-ton ladles. There is no equipment like this abroad. But the mastery of this equipment, especially for 
alloyed steels, is being delayed inexcusably. This hampers work on the creation of equipment which could re- 
place blooming mills and all the more justifies large outlays for their construction. The steel smelters of the 
Novolipetsk, Stalinsk, "Krasnoe Sormovo", "Krasnyi Oktyabr*” and other plants must accelerate their mastering 
of continuous steel smelting. 


The introduction into operations at the Novolipetsk Works of a powerful electrical steel smelting plant and 
the country's largest electrical steel plant has great importance for the growth of qualitative metallurgy and the 
electrotechnical industry. The tasks of the Lipetsk steel workers are to master these objects of new technique 
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very rapidly and to produce high-quality cold-rolled transformer sheet, which will permit a saving of large 
quantities of electrical energy and a considerable reduction in the weight of electrical equipment produced. 


The growth of lightened thin-walled profile production and increase in the exactness of the dimensions of 
rolled iron by reduction of tolerances and the transition to minus tolerances are of exceptional advantage to the 
national economy. This problem also has not been completely solved. Although the production of a number of 
lightened profiles (mainly in the form of girders and U-bars) has been mastered in the last year and a half, and 
the precision of rolled iron has been increased in individual factories, the greater portion of rolled iron produced 
still has excess weight and excessive tolerances. 


The problem of improving the quality of metal production is one of the Most important for the national 
economy. The introduction of automated lines into machine-tool building requires a considerable improvement 
in the quality of rolled metal: homogeneity of the chemical composition and physical properties of the metal and 
the absence of defects originating in the melting and teeming of steel, and also in the rolling of ingots. A very 
important factor for increase in the quality of rolled iron is reducing its weight per unit of length at the same or 
higher indices of its mechanical properties. To fulfill these requirements, metallurgists and workers of allied 
branches of the industry must standardize the raw materials used, the fuel, cast iron, steel, metal scrap and various 
other materials and intermediate products, must regulate and obtain constancy of technological conditions, use 
more extensively the vacuumization of liquid steel, the heat treatment of rolled iron, must improve the equip- 
ment of rolling mills, shorten the period required to master the production of lightened profiles and reduce varia- 
tions in the dimensions of rolled iron produced. 


One of the decisive conditions for the accomplishment of these tasks is the extensive use of complex autom- 
ation of productive processes. In the current seven-year period the Nizhne Tagil, Kuznetsk and Magnitogorsk 
combines, the Dzerzhinskii, "Zaprozhstal'", "Azovstal’" factories and some others should become model repre- 
sentatives of the level of automation of enterprises in ferrous metallurgy. 


The July Plenum of the Central Committee of the CPSU expressed satisfaction for the successful course of 
fulfillment of the Seven-year Plan. A movement throughout the nation for fulfillment of the plan ahead of sche- 


dule has the rates of growth of industrial production and of the development of transportation to be exceeded 
considerably. 


The Plenum of the Central Committee has emphasized that the most important condition of fulfillment in 
advance of the Seven-year Plan in all branches of the national economy is the successful operation of enterprises 
in heavy industry. It must be added, that in surpassing the preliminary figures of the plan the fulfillment of the 
tasks in the production of ferrous and nonferrous metals, cement, petroleum products, ores, coal, especially cok- 
ing coal, and gas are of primary importance. 


Solving the basic problem of the current Seven- year Plan, gaining the maximum of time in the world 
economic competition of socialism with capitalism, can only be done by universally raising the rates of technical 
progress and on that basis the productivity of labor. To solve this problem the introduction of the attainments 
of science and technique into production must be accelerated; efficient methods of organization of labor and 
production must be applied; measures for the creation and mastering of the production of improved machinery, 
equipment and instruments for the complex mechanization and automation of productive processes must be 
worked out; obsolete production must be replaced by new production meeting modern requirements. The rate of 
modernization of existing equipment must be accelerated, as must the reconstruction of enterprises and the elimin- 
ation of heavy manual labor, and efficiency and inventiveness must be developed universally. 

The Plenum of the Central Committee of the CPSU has charged the State Committee d the USSR Council 
of Ministers on Automation and Machinery and the state committees of the USSR Council of Ministers on Branches 
of Industry and Construction with working out standard progressive technological processes and plans for 
the basic forms of production on the basis of highly productive equipment and means of complex mechanization 
and automation. 


A glorious army of Soviet metallurgists, miners, coke chemists and refractory makers will solve in a very 
short time the tasks placed before them and will attain new and great successes in the matter of the utmost rapid 
development of ferrous metallurgy of the USSR. 
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SOME PROBLEMS OF BLAST-FURNACE SMELTING, 
USING NATURAL GAS 


M. A. Shapovalov 


Central Ferrous Metals Scientific Research Institute 
Translated from Metallurg, No. 8, pp. 4-6 August, 1960 


The famous French blast-furnace operator, L. Gruner, expressed the view (in the 19th century) that the 
"ideal" blast-furnace process was one in which all the iron in the ore would be reduced by the carbon monoxide 
contained in the blast-furnace gas. According to Gruner, the coke consumption would then be a minimum. 

M. A. Pavlov showed that Gruner's view was erroneous, since the production of the carbon monoxide required for 
the reduction of the iron of the ore would necessitate the consumption of more coke than in the conventional 
blast-furnace process. We currently believe that the use of natural gas will permit the deficiency of reducing 


gas in the blast furnace to be compensated, and so decrease the amount of direct reduction and the coke consump- 
tion. 


A theoretical calculation has shown that even with an indirect reduction of 70% and heating of the 
blast to about 1100°C, the consumption of gasifiable carbon may be decreased to 300 kg/t of iron. At the same 
time, however, a considerable deficiency of gaseous reducing agent will be experienced in the furnace, and the 
extent of this will increase with decrease in the efficiency with which the reducing capacity of the gas is utilized. 
Thus, in the case of efficient utilization of the reducing capacity of the gas when the CO:CO, ratio in the blast- 
furnace gas is 1.5, the deficiency of gaseous reducing agent will be 420 m*/t of iron, and in the case of ineffi- 
cient utilization of the reducing capacity, when this ratio is about 2.2, the deficiency in gaseous reducing agent 
will be as much as 695 m/t of iron. This deficiency in reducing agent cannot be compensated by injecting gas 
into the blast furnace. Therefore, in the case of inefficient utilization of the reducing capacity of the gas in the 
blast furnace, minimum coke consumption cannot be attained. 


The use of natural gas results in a substantial decrease in coke consumption and an appreciable increase in 
the furnace output. At the same time, it is found that the greater the intensity of combustion of the carbon, the 
higher is the furnace output and the lower is the coke consumption. 


Material balance sheets and heat balance sheets have shown that decreased coke consumption is due a) to 
considerable increase in the indirect reduction of the iron by reason of hydrogen, b) to decrease in the moisture 
content of the blast, c) to decreased lime consumption, d) to some decrease in the silicon content of the iron, 
e) to some increase in the blast temperature. 


The increase in indirect reduction in the conditions of one of the plants in the south resulted in a decrease 
in heat consumption by 147 kcal/ kg of iron. A lower moisture content of the blast resulted in a saving of 138 
kcal/kg of iron. Due to decreased limestone consumption for fluxing the coke ash, heat otherwise used for the 
decomposition of carbonates is saved. This saving amounts to 44.2 kcal/kg of iron, 


The decrease in the silicon content of the iron resulted in a saving of 74.8 kcal/ kg of iron, The debit for 
the decomposition of the natural gas hydrocarbons comes to 74.8 kcal/kg of iron, Thus, the total saving in heat 
amounts to 329 kcal/kg. 


The use of gas permits an increase in the ore burden. At the same time, there is no alteration in the 
amount of heat carried away by the gases, nor is there any increase in loss of heat through the lining and with the 
cooling water; furthermore, no additional heat is required for heating the iron and the slag-forming substances 
in the temperature region of indirect reduction. Consequently, the specific heat consumption for iron from the 
additional ore burden is less than from the main burden (in the case under consideration, calculation showed the 
consumption to be 2195 kcal/kg instead of 3230 kcal/kg of iron produced from the main ore burden without the 
use of gas). The utilization of the heat saved will permit an additional production of 0.15 kg of iron for each 
kilogram of iron from the main burden, and a decrease in the total carbon consumption (coke and gas), especial~ 
ly coke carbon, by 13%. If the intensity of the combustion of carbon remained as before, the furnace output 
would be increased by 15). 


The Blast- Furnace Industry 
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The decrease in coke consumption is mainly influenced by the hydrogen of the gas introduced, and the 
decrease in the moisture content of the blast. The carbon of the gas introduced does not exercise any material 
influence in decreasing the coke consumption, since the hydrocarbon compounds are decomposed at a high tem- 
perature, when the heat given off by the gas is insignificant. 


In a blast furnace, the reducing capacity of hydrogen is utilized 1.5 times more efficiently than that of 
carbon monoxide. The high reducing capacity of hydrogen (especially in the region of the ferric oxide reduc- 
tion) and its much lower viscosity make hydrogen more valuable than carbon monoxide in blast-furnace smelt- 
ing. There are no grounds to fear that the endothermic reaction of the reduction of iron by hydrogen will produce 
a reduction in furnace -stack temperature and retard the indirect reduction process. The decrease in the heat 
consumption for heating the coke (due to its lower consumption) more than makes up for the heat consumed in 
reduction. 


The fear that the conversion reaction CO + H,O = CO, + H, + O, so detrimental to the blast-furnace 
process, would be developed to a considerable degree has not been justified. Practice has shown that the carbon 
dioxide content of the blast-furnace gas is the same, whether natural gas is used or not. The hydrogen content 
of the blast furnace gas (4.5%), when natural gas is used, has been found to be what was expected, taking into 
account the still extremely irregular distribution of the gas currents over the cross section of the stack. Conse- 
quently, it may be considered that the carbon monoxide conversion reaction is not appreciably developed in the 
blast furnace. Even if this were not so, however, it could not have any negative influence on the criteria of the 
blast-furnace process, since it occurs mainly in the region of the irreversible process of reduction of hematite, 
and the decrease in the carbon monoxide content of the gas will not have any negative effect on the reduction 
processes. The heat liberated in the conversion reaction will increase the temperature and will thereby acceler- 
ate the reduction of the hematite by the carbon monoxide. 


It is clear from this that for the blast-furnace process, it is advantageous to increase the hydrogen content 
of the hearth gas even at the cost of decreasing its carbon monoxide content. From this point of view, the use 
of coke oven gas, which will give more hydrogen than natural gas, offers considerable interest, especially where 
natural gas is not available. In such cases, coke oven gas should be taken off steel-melting production and used 
in the blast furnaces. Some of the open-hearth furnaces should be replaced by converters, and the remaining 
open-hearth furnaces should be changed over to liquid fuel or producer gas using oxygen. 


A further increase in the degree of indirect reduction resulting in a lower coke consumption may be ob- 
tained as the result of either a better utilization of the reducing capacity of the gas, or tne injectior of a larger 
quantity of gas. 
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Practice at the Cherepovetsk plant has shown that if the intensity of combustion corresponds to the granulo- 
metric composition of the charge materials, it is possible to maintain a distribution of the gas currents over the 
fumace cross section, such that at the lining and along the furnace axis and below the stockline, the carbon diox- 
ide content is 11%, and along the ore ridge it is 18 (Fig. 1, curve 2); the blast furnace gas has a mean content of 
16% of carbon dioxide. On the other hand, in the furnaces of one of the southern plants, without injection of gas 
and with a considerably higher content of fines in the ore part of the charge, the intensity of combustion was still 
greater (by 10%). At the furnace wall in the best periods there was 5.9 carbon dioxide, and along the axis still 
less; on the ore ridge, it was 15.5% (curve 1), and the total CO, content of the blast furnace gas was 13.5% in all. 
Approximately the same picture was obtained at another southern plant (curve 3). 


Fig. 2 shows the calculated dependence of the carbon utilization coefficient on the carbon dioxide content 
of the blast-furnace gas for different limestone consumptions per unit weight of coke. 


The data show the considerable influence of the utilization of the reducing capacity of the gas on the coke 
consumption. 


The highest carbon utilization figure (577) at the furnaces of the Cherepovetsk plant is mainly due to the 
low content of fines of the sinter (less than 5 mm) and to the intensity of the furnace operation corresponding to 
the quality of the charge. 


At a number of southern plants in the drive for a higher intensity of combustion, where the burden is in- 
adequately prepared, the blast furnace operators are obliged toreduce the load of ore on the periphery to facili- 
tate the escape of gas, resulting in inadequate utilization of the reducing capacity. To a considerable extent, 
this explains the fact that at southern plants, the coke consumption with the use of gas is higher than at the 
Cherepovetsk plant without injection of gas. Therefore, before anything else, it is necessary to find a way of 
improving the utilization of the reducing capacity of the hearth gas. 


If gas is used, the gas-dynamic conditions of the blast-furnace process are detrimentally affected since the 
quantity of hearth gas per unit of coke is increased. In the normal blast-furnace process, this quantity does not 
depend on the specific coke consumption. The gas dynamic conditions of the blast-furnace process can be in- 
creased only by improving the screen composition of the skip coke and the production of a strong sinter, which 
would not form much fine material on charging. At the same time, the trend to dispensing with the use of raw 
limestone in the charge involves the need for producing sinter with a higher fluxing degree, which decreases its 
strength. This contradiction may be removed to some extent by going over to acid slags, in which the (CaO + 
Mg) : SiO, would be about 1. The decrease in basicity of the slag results in a decrease inits yield, and an in- 
crease in the alumina content, which is very important for southern plants. In addition, smelting on acid slags 
can be carried out at the minimum temperatures, which facilitates the descent of the charge and enables the 
iron to be produced with minimum silicon content of 0.2 - 0.3%. At the same time, however, desulfurization of 
the iron produced must be effected outside the blast furnace. 


On the basis of the foregoing, the following conclusions may be made. 


1. Maximum effect from the use of gas will be obtained with maximum utilization of its reducing capa- 
city, when the (CO + Hg) : (CO, + HO) ratio of the blast-furnace gas will be a minimum, approaching equilibrium. 
This will be achieved by a rational distribution of the gas flow over the cross section and by a correct relation- 
ship between the combustion intensity of the carbon and the granulometric composition of the charge materials. 


2. The use of reducing gas decreases the coke consumption but impairs the gas-dynamic conditions of the 
blast-furnace process, since the quantity of gas per unit of coke is increased. On this account, improvement of 
the permeability of the blast-furnace charge to gases becomes of paramount importance. It also becomes a 
matter of primary importance to decrease the fine fractions in the skip coke and to produce a strong sinter. 


3. In the case of the use of gas, the decrease in the amount of direct reduction and in the combustion 
temperature facilitates the descent of the charge and makes it possible to produce a low silicon iron with 0.2 - 
0.3% Si. For this purpose, it will be necessary to use acid slags with a (CaO + MgO) : SiO, ratio of approximately 
unity, and to desulfurize the iron outside the furnace. An important problem in this connection continues to be 
development of an economical method of desulfurizing iron outside the furnace, which will fit into the technical 
flow of the process. 
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ON ERRORS IN GAS-FLOW CONTROL AND BURDEN 
DISTRIBUTION 


A. N. Chechuro and I. L. Kolesnik 
Dzerzhinskii Plant 
Translated from Metallurg, No. 8, pp. 7-8, August, 1960 


In publishing this article by A. N. Chechuro, Lenin Prizewinner, and I. L. Kolesnik in the form of a discussion, 
the Editorial Board invites comments from blast furnace operators on the method given in the article for control- 
ling the working of the blast furnace “from above”. 


When controlling the gas flow in the furnace and consequently also when varying the distribution of the 
materials in the furnace throat, blast furnace operators have been guided till now by the temperature of 
the peripheral gases, composition of the gas along a furnace radius, uptake gas temperature, descent of the charge 
according to rod recorder diagrams and gas pressure below the large bell. 


The opinion has been prevalent that in the case of a high peripheral gas temperature, the furnace was 


working peripherally at all points, and that in the case of a low temperature, the periphery was congested and 
central flow had developed. 


On the basis of these considerations, the charging system was modified in the first case for charging up the 
periphery (OC })} and in the second case, for relievingthe periphery (CO 4). 


In cases where the peripheral temperature at one or more points is 150 - 200°C higher than at the other 
points, it was considered that channels had appeared in the blast furnace at the position of the high peripheral 
temperatures. The charging system and the program of the rotary distributor were then modified so that an ore 


ridge was formed in the direction of the high peripheral temperatures, while coke fell in the direction of the low 
temperatures. 


In a detailed study of the working of blast furnaces, we have found and confirmed in practice that the exist- 
ing views on gas flow and distribution of materials at the top are quite the contrary to what actually occurs. An 
analysis of our work and the initial investigations on the determination of the conditions of gas flow and its con- 
trol by the distribution of the charge show that the lowest temperature of the peripheral gases occurs where the 
flow of gases and materials attains its maximum intensity, and the highest temperature occurs where the charge 
is stationary or is descending slowly. 


The low temperature of the peripheral gases at the position of their intense flow is due to the disintegrating 
action of the gas flow and the rapid descent of the charge. In its turn, at the place where the materials are dis- 
integrated or loosened, the gas flow becomes still more intense, and the rate of descent of the charge increases 
to a still greater extent, which improves the utilization of the heat energy of the gas. 


Tims, at one of the blast furnaces of our plant on March 25, 1960, in the second shift, the top gas pressure 
was increased from 0.8 to 1.2 atm gauge, without increase in the blast consumption. 


After two shifts, the peripheral temperature dropped from 750° C to 550°C. The chargehand of the first 
shift, being guided by the existing conceptions for opening up the periphery,ordered the charging system CCOO, 
(it had been COOC |). In consequence, the temperature of the peripheral gases did not rise but, on the contrary, 
fell to 500°C, and at point No. 3, even to 400°C. In the second shift on March 26, the system was changed to 
COOC |}. The peripheral temperature began to rise, but failed to reach the desired level. To increase it, we 
altered the charging system to OOCC j, andthe program of the rotary distributor was arranged so as to increase 
the temperature of point No. 3 to that of the others. After 6 charges, the peripheral temperature at point No. 3 
and all the other points rose to the required value, but after taking off the charging system OOCC | and returning 
to normal working of the rotary distributor, the peripheral temperature began to fall again. For increasing the 
peripheral temperature, the following system of charging was introduced: 2 charges OOCC | and 5 charges 
COOC | , after which the peripheral temperature rose to 700°C, the furnace began to work more regularly and 
the temperature of point No. 3 became the same as all the others. 


* O = ore, C = coke. 
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Very high temperature of the peripheral gases in a blast furnace is due to the stagnation or slow movement 
of the charge, as a result of which the temperature of the periphery rises because of poor utilization of the heat 
energy of the gas. For example, from March 5, 1960 at another blast furnace, for a long time (for two weeks) 
the peripheral temperature at points Nos. 1 and 2 remained within the limits 900-920°C, while at all the other 
points it was 570 - 650°C. Modification of the charging system and program of the rotary distributor in accord- 
ance with the usually accepted views failed to equalize the gas flow over the circumference of the blast furnace, 
and it was only after coke had been charged on to high-temperature points and ore on to low-temperature points 
that the temperature of the peripheral gases was equalized and the furnace began to work normally. 


In still another furnace, where a radiometric instrument had been installed for measuring the burden at 
four points, the following occurrence was observed: at the peripheral points with high temperature, the stock- 
line was high and at places with low peripheral temperature, the stockline fell short. 


It follows from the foregoing considerations that a low temperature of the peripheral gases indicates a very 
pronounced peripheral working, due to the more complete transfer of physical energy of the gas to the intense 
counter-flow of fresh material. 


A high peripheral temperature indicates the development of a central gas flow and poor utilization of the 
physical energy of the gas moving along the periphery. For regulating the gas flow, we have adopted the follow- 
ing charging system: For increasing the peripheral temperature OC | , and for decreasing it CO | (that is to say, 
we have introduced measures which run counter to the establisl.ed order of working). 


In modifying the charging system, special attention should be paid to the degree of development of the 
central gas flow and the depth of the stockline trough in the throat. 


In the event of the development of channelling in the blast furnace, the charging system and the program 
of the rotary distributor should be selected so that the ore ridge falls on the side of the lowest peripheral tempera- 
ture and coke on the side of the highest temperature. 


Evidence of the rapid movement of the raw materials in a region of intense gas flow is also provided by the 
fact that in the course of 3 or 4 hours after the commencement of the development of a channel, lump material, 
not yet ready for melting, appears on the tuyeres in this sector. Measures taken in accordance with our method 
for the elimination of the channel immediately cause these lumps to disappear. 


The correction of the working of blast furnaces by the method described has been carried out for four months 
on four blast furnaces of the Dzerzhinskii plant. 


IMPROVING THE DISTRIBUTION OF MATERIALS 


AT THE FURNACE TOP 


S..V. Vasti ev 


Novolipetsk Metallurgical Combine 
Translated from Metallurg, No. 8, pp. 8-10, August, 1960 


For regulating the distribution of the gas flow over the cross section of blast furnaces at the Novolipetsk 
plant, extensive use is made of the method of charging the materials according to predetermined positions of the 
rotary charge distributor. In doing this, it is essential to know the dispositions of the summits of the ridges of 
material from the left-hand and right-hand skip cars relative tothe axis of the inclined skip bridge after they 
have been discharged on to the small bell before the rotation of the hopper of the rotary distributor. 


Systematic observations of the disposition of the materials on the small bell have shown that the position 
of the ridges depends on the nature of the materials forming the charge. Figure 1 shows diagrams of the position 
of the summits of the ridges of material on the small bell of one of the blast furnaces relative to the axis of 
the skip bridge, the diagrams being based on the results of observations (a similar distribution of the ridges was 
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also observed in other furnaces). It was assumed that the summits of the ridges from the right-hand and left- 
hand skip cars would be situated respectively on the right and left of the skip bridge axis. This expectation was 
not, however, justified. The characteristic feature of the observed position of the summits was their high dis- 
persion on the circumference (for that reason, the diagrams do not show separate points for each material but 
sectors). This dispersion of the positions of the summits depended on many factors which are difficult to take 

into account: quantity of material in the skip car, granulometric composition of the charge, which skip car (left 
or right) discharged the material and so forth. It was found that a reduction in the quantity of one material in 

the discharging skip car “shifts” the summit from this skip car in a direction toward the skip bridge. The explan- 
ation of such a displacement of the summits was found to be the change in height of fall of the last portions of 
material from the receiving hopper on to the surface of the materials in the distributor hopper (the distribution 

of the materials in the furnace throat varies similarly when the stockline varies in the blast furnace). 


The difference in the disposition of the summits of the same material as a function of the skip car (left or 
right) from which it wa: discharged will be seen from Fig. 1 (diagrams I, III and1V); the summits of the materials 
from the right-hand skip cars were disposed over a greater distance from it along an arc than the summits of the 
materials from the left-hand skip car. Such a phenomenon was also observed in the case of another furnace on 
discharging the left-hand skip car. 


The reasons why this occurred with symmetrical left-hand and right-hand parts of the receiving hoppers 
have not been elucidated. 


To what has already been said, it is necessary to add that in one of the furnaces, a definitely pronounced 
ridge was not obtained for all the materials. Often, when charging coke, Krivoi Rog ore and sinter, it was im- 
possible to reveal a ridge summit, since the ridge was dispersed over an arc of 180 - 240°. Thus, such materials 
could not be used for regulating the gas flow. 


To ensure constant disposition of the ridge summits of all the materials, it was first of all proposed to short- 
en the skip cars. In principle, this ought to help insecuring constant disposition of the ridge summits on the small 
bell. A slight shortening, however, would not give the necessary effect, and excessive shortening would reduce 
the capacity of the skip car, which would be unacceptable. 


Fig. 1. Disposition of the summits of ridges of different materials in a blast furnace of the Lipetsk 
plant (the rotary distributor is at the 0° position, the angles being reckoned from the axis of the 
inclined skip bridge): 1) Coke; II) Krivoi Rog ore with limestone; III) Lipetsk ore with limestone; 
1V) KMA sinter with limestone; L.S, ,Position of commencement of slip of materials from left- 

hand skip car; R.S.,Position of commencement of slip of materials from right-hand skip car. 


It was therefore proposed to weld to the sloping sides of the receiving hoppers guides having a height of 
250 mm and made of steel strips. 


Figure 2 shows diagrammatically the position of the guides in the receiving hopper. Such an arrangement 
should ensure satisfactory and constant disposition of the summits of the ridges of material. The table gives the 
results of observations made on the distribution before and after the guides were fitted. The “plus” sign signifies 
that the summits were situated to the left of the skip bridge, and the "minus" sign that they were situated to the 
right; the numbers in the columns of the table show the number of times that such a disposition of the summits 

was observed. 


It will be seen from the table that the disposition of the summits for each material from the same skip 
car became more definite. In addition, after the guides were fitted, the summits of the ridges of all the mate- 
rials became more distinct and concentrated. 
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Fig. 2. Guides in receiving hopper: a) Diagram 
showing arrangement of the guides; b) Guides in 
the hopper; 1) receiving hopper; 2) guides; 3) 


Side of i ree point of commencement of slip of materials from . 
left-hand skip car; 4) point of commencement of 


slip of materials from right-hand skip car; 5) 
summit of ridge of materials from left-hand car; 
6) summit of ridge of materials from right-hand 
skip car. 


» 


é 
Side of inclined skip bridge 


Fig. 3. Arrangement of guides in the case of 
distribution of ridges at 12 points on throat 
circumference. References are the same as 
for Fig. 2. 


The use of the guides can be recommended for other plants. It will thus be possible, without the instal- 
lation of complicated apparatus to affect “aiming” of the charge. Figure 3 shows a disposition of guides enabl- 
ing ridges to be hit at 12 points on the throat circumference (every 30°). Such an arrangement of the guides 
will enable the materials to be distributed still more regularly in the throat and result in the achievement of 
better working criteria for the furnace. 
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The Steelmaking Industry 


ALL-UNION CONFERENCE OF STEEL MELTERS 


With the object of acquainting readers of the journal “Metallurg” with the subjects of the All-Union Conference 
of Steel Melters, which is to take place in August, 1960, the Editorial Board of the Journal has decided to publish 
short summaries of some of the papers. 


EFFECTIVENESS OF THE USE OF PREPARED LOOSE MATERIALS 
IN OPEN-HEARTH MELTING 


B. G. Petukhov 


Kuznetsk Metallurgical Combine 
Translated from Metallurg, No. 8, p. 11, August, 1960 


In the open-hearth furnaces of the Kuznetsk Metallurgical Combine, the ore is partly or wholly replaced 


by sinter. The raw material for the sinter is the local iron ore from the Tashtagol'sk, Atasuisk, and Abakansk 
deposits. 


Since 1959, a large quantity of sinter with an average iron content of 60.5% and sulfur content 0.04% has 
been used in the open-hearth furnaces. The iron-ore sinter has a higher ferrous Oxide content and lower silica 
and ferric oxide contents, and therefore it contains less oxygen and its oxidizing capacity is less than that of ore. 
Because of this, the amount of sinter in the charge, compared with ore, is increased by 7-10%. 


For equal duration of the repair and charging periods and a shorter charge-heating period, the melt-down 
period with the use of sinter is 39 min shorter than with the use of ore. The duration of the entire heat has been 
correspondingly shortened. 


Slag formation in the melt-down period and dephosphorization when sinter is used proceed in the same way 
as in the case of heat using ore, but the phosphorus content of the steel is much lower. 


The mean phosphorus content of rail steel in the finished condition with the use of sinter in the charge is 
9.024% (0.011% less), and with the use of iron ore it is 0.029%. Its minimum content after melt-down (0.021%) is 
obtained with a charging and heating period in the limits of 60-75 min. With a shorter charging period, the phos- 
phorus content increases to 0.023 - 0.026%. Such an insignificant increase does not prevent shortening of the 
melting period at the expense of reducing the charging and heating periods of the loose materials, and also of the 
heating and melt-down periods of the entire charge. 


With the use of sinter, melting of the charge proceeds smoothly without violent reactions. In the melt- 
down period, fluid slags are formed, and the quantity of primary slag run off is increased by 5 - 10%. The con- 
sumption of limestone in the charge and lime and bauxite in the finishing period is reduced. 


The quality of the steel is not impaired when sinter is used in the charge. Judging by the behavior of heats 
using both methods of melting, the hydrogen content is approximately the same; the mechanical properties are 
also practically the same. 


WORKING EXPERIENCE IN THE OPEN-HEARTH SHOPS 
OF THE MAGNITOGORSK METALLURGICAL COMBINE 


E. I. Dikshtein 


Magnitogorsk Metallurgical Combine 
Translated from Metallurg, No. 8, pp. 11-12, August, 1960 


For increasing the production of steel at the Magnitogorsk Metallurgical Combine, extensive application 
is being made of the method of increasing the charge of the open-hearth furnaces. Conversion of the furnaces 
to double charge has been particularly effective, the output of the furnaces being increased by 40 - 50%. An 


important factor in this has been the increasein the lifting capacity of the various cranes and in the ladle 
capacity. 


For trouble-free operation, the furnaces must be reconstructed with a view to ensuring normal conduct of 
the process without increase in the sill height. Currently, all the furnaces of medium capacity have been recon- 
structed to take double charges in this way. The hearth area has been increased from 65.76 to 73.7 m’, and the 
depth of the bath is 1380 mm. 


The quality of the steel melted in double-charge furnaces is just as high as that of steel melted in ordinary 
furnaces. Some difficulties were caused by the production of a number of high-grade steels; the problem of intro- 
ducing the increased quantity of deoxidizers in the ladle was particularly complicated. Currently, this problem 
has been solved by means of bunkers of a special design evolved at the Magnitogorsk Metallurgical Combine. 


An important factor in increasing the output of the furnaces is the shortening of the heat time. The con- 
tinuous supply of charge materials to the furnaces, the prompt supply of steel ladles and slag ladles, the improve- 
ment in the thermal conditions and the modification in the design of the furnaces result _in a considerable 
reduction in the heat time. For furnaces using the ordinary charge, the average duration of a heat was reduced 
from 9 hr 48 min in 1954 to 9 hr 31 min in 1959, while for double-charge furnaces, it was reduced corresponding- 
ly from 13 hr 01 min to 12 hr 40 min. The pouring capacity of the tapping spouts, which formerly retarded the 


increase in output of the furnaces, has been approximately doubled. In this period, however, the load on the tap- 
ping spouts has also been doubled, and therefore methods are currently being sought for still further increasing 
their pouring capacity. 


A considerable effect in improving the thermal conditions of the furnaces has been obtained by heating 
them with petroleum gas of high calorific value (10,000 to 11,000 kcal/ km*), The flame from such a gas has 
sufficient luminosity to make the addition of oil unnecessary. 


An important factor in increasing the output is the shortening of the standing time of the furnaces for re- 
pairs, and the increase in the life of the furnaces. Considerable success has been had in this connection at the 
Magnitogorsk Metallurgical Combine. In 1959, the cold repair standing times were 2.5% less than in 1955, and 
the hot repair standing times were 39% less. This was the result of converting the furnaces for evaporative cool- 
ing, improved maintenance of the furnaces and improvements in their design. 


Not all the possibilities of increasing the productivity of the furnaces have been exhausted at the Combine. 


Work is currently being conducted on improving the preparation of the charge and feeding it to the furnaces and 
on perfecting the technology of steel melting and pouring. 


* * 


IMPROVING THE WORK OF AN OPEN-HEARTH SHOP 
P. I. Novolodskii and B. N. Shisharin 
Nizhne Tagil Metallurgical Combine 


Translated from Metallurg No. 8, p. 12, August, 1960 


In 1959 at the Nizhne Tagil Metallurgical Combine, the average weight of steel produced per 1 m? of 
furnace hearth per 24 hours was 10.6 tons, and the steel production of some furnaces attained 308,000 tons/ year, 
which exceeded the world record for furnaces of this capacity. 
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The use of oxygen made it necessary to recalculate the pouring capacity of the tapping spouts of the shop 
and introduce some changes in its design. The technical conditions regarding the hot metal have been reexam- 
ined, its sulfur content has been diminished, and the "scatter" of the limits of the silicon content has been reduced. 
The open-hearth furnaces are lined entirely with basic refractories. Air-injecting devices are fitted in the ends of 
the water-cooled ports, injecting up to 500 m*/ hr of air into the gas stream. Oxygen is supplied to the flame 
through water-cooled nozzles, mounted at an angle of 8° to the horizontal (two on each tank). 


The principal steps which have assisted in increasing the output of the furnaces have been: shortening the 
duration of the heat, diminishing the standing times of the furnaces and increasing the weight of the heat. 


The duration of the heats has been reduced by the use of oxygen in the flame and by increasing the thermal 
loads. Whereas in 1955, a heat took 12 hr 08 min, in 1959 the duration of a heat was 10 hr 02 min. 


The shortening of the duration of the heats was also assisted by systematic washing out of the air checkers 


by means of water under high pressure and carrying out the hot repairs with cleaning of the checkers and lining 
them with forsterite brick. 


The use of basic refractories for the furnace main roofs, port ends and uptakes has made it possible to in- 
crease the campaign of a furnace between two cold repairs from 188 heats (dinas roofs) to 479 heats (MKhS 
magnesite-chrome brick roofs). 


In the course of one campaign, a furnace has 2 hot repairs (every 160 - 180 heats). During these repairs 
the checkers are blown out and washed, the slag is removed from the slag pockets by means of hinged devices, 
the checker space is cleaned from dust and so forth. The regular execution of repairs and their mechanization 
have made it possible to reduce the standing times on hot repairs from ¥ in 1955 to 3.% in 1959 (excluding 
repairs of hearths). 


Cold repair of the furnaces has also been mechanized. The increase in the furnace campaign between cold 
repairs and their mechanization has made it possible to reduce the standing times for repairs from 4% in 1955 to 
2.8% in 1959. 


The average weight of a heat during the last five years has increased by 2.2%. 


* * 


EXPERIENCE IN IMPROVING THE WORKING OF OPEN- 
HEARTH FURNACES 


A. A. Sakharov 


Cherepovetsk Metallurgical Combine 
Translated from Metallurg, No. 8, pp. 12 - 13, August, 1960 


In the open-hearth shop of our plant, the furnaces are typical, being built in accordance with drawings 
prepared by Stal'proekt. In the construction of the furnaces by workmen of the plant, certain modifications were 
introduced: The thickness of the facing of slag-pocket walls was increased, the system of laying the air checkers 
was modified (the five top rows were laid on the Cowper system, and the 10 lower rows on the Siemens system), 
the bottom of the port tank has been raised to 1100 mm above the level of the sills of the working doors, heat 
joints have been made between every two bricks, roofing-felt interlayers have been provided and so forth. 


The furnaces work on a mixture of coke-oven and blast-furnace gas. Oil is added for increasing the 
luminosity of the flame at the end of the melting period and in the finishing period and cold compressed air 
at a pressure of 4 - 6 atm gauge is supplied for increasing the rigidity of the flame. 


A graph has been worked out for a sequence of valve-reversal operations on the “counter-gas" system, 
differing from the typical system. During reversal, the consumption of blast-furnace gas and air is not increased, 
and therefore the pressure in the working space of the furnace remains constant, and the duration of filling of the 
gas circuit (on the connected side) is increased. So that the gas and air will reach the working space simultane- 
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ously, the air valve on the connected side is reversed somewhat earlier, while on the disconnected wide, the gas 


and air valves are reversed simultaneously. Due to this system, the pressure is not increased in the furnace and 
the flame is not forced out of the working space. 


The furnaces operate on the scrap-ore process. The charge contains sinter (12-13% of the weight of the 
charge) instead of ore. The metallic portion of the charge consists of 50%/%low manganese hot metal and 50% 
scrap (including not less than half light-weight scrap). The loose materials and scrap are charged in boxes hav- 
ing a capacity of 1.75 m® and the hot metal is supplied to the furnaces in 100 ton spherical ladles, The slag is 
removed immediately after the addition of the hot metal, and then a fresh slag is made. 


The rimmed steel (its proportion in the total amount of steel produced is 64.5%) is deoxidized in the ladle. 
with ferromanganese having a silicon content not exceeding 1.5%. If the silicon content of the ferroman- 
ganese is higher than 1.5%, the steel is deoxidized in the furnace. 


The mean duration of a heat in high-capacity furnaces in 1959 was 11 hr 12 min and in furnaces of mediur 


capacity, it was 8 hr 36 min. The steel produced per 1 m? of hearth per 24 hours was respectively 10.59 tons and 
8.53 tons. 


The furnace crew repairs the furnace after each heat and during the boil period, grease the columns of the 
front wall, maintain the normal profile of the bottom of the water-cooling tank of the gas port and clean the roof 
after every heat. A special crew of eight men from the furnace repair shop attends to the cleaning of the port 
slopes, lining of the outer walls of the water-cooling tank, detailed repair of port ends, and in case of necessity 
also the repair of the packing under the water-cooling tanks. The shop bricklayers carry out work affecting the 
gas-tightness and thermal insulation of the furnace lining and valves. The bottom is repaired once in 10 days. 


All the furnaces are fitted with equipment for automatic regulation and heat control. The following are 
regulated automatically: Gas-air ratio, pressure in the working space of the furnace, reversal of the valves. 


* * * 


FIRING OPEN-HEARTH FURNACES WITH COLD GAS OF HIGH 
CALORIFIC VALUE WITHOUT ADDITION OF OIL FUEL 


Active Member, N. N. Dobrokhotov, Academy of Sciences 
of the Ukr SSR 


Translated from Metallurg, No. 8, p. 13, August, 1960 


The use of cold coke-oven gas of high calorific value in open-hearth furnaces is much more profitable 
than the use of a heated mixture of coke-oven gas and blast-furnace gas. The output of a furnace fired with cold 
coke-oven gas is much higher than that of a furnace fired with a mixture of gases. The supply of cold coke-oven 
gas to the furnace, however, does not give the desired effect, since the flame of coke-oven gas does not have 
sufficient luminosity. To make the flame luminous, therefore, oil fuel is added, the consumption of which for 
example at the Magnitogorsk Metallurgical Combine is 36 tons/ 24 h for each furnace. 


To improve the luminosity of the flame, it is necessary to ensure self-carburation of the coke-oven gas. 
This is achieved by introducing the gas into the melting space in a thick current at low pressure. The gas is 
then heated to a high temperature without mixing with air. 


According to a project of the Ukrainian State Institute for the Planning of Metallurgical Plants, the 
supply of natural gas in a new open-hearth furnace of the Dzerzhinskii plant (in a thin stream along the port 
axis and under considerable pressure) was done incorrectly. Despite a high consumption of oil fuel, the lumino- 
sity of the flame was weak, and the furnace output was low. Following a suggestion by the author and I. I. Kobeza, 
the gas was led into the port by two nozzles 100 mm in diameter from the sides of the port end at the place where 
the latter joined the melting space. The oil supply was shut off and only steam was led in from the port end wall. 
The luminosity of the flame was increased and the furnace began to work much better. 


To obtain a good, luminous flame, the gases must enter the working space at a high mean velocity. Since 
the velocity of coke-oven gas (or natural gas) must be low, as already mentioned above, the velocity of the re- 
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- generator air must be increased. The regenerator air port, however, cannot be of small cross section, because it 
is also used for the evacuation of the waste gases from the furnace. As shown by practice, the area of the port 
should be about 1/ 20 of the area of the hearth. For increasing the air velocity, therefore, it is necessary to add 
to it compressed air (or steam) at high pressure. 


The introduction of the compressed air or steam should take place as close as possible to the working 
space. The points of introduction of blast and gas should be remote from each other: if the blast is introduced 
along the axis of the port end, the gas must be introduced at the side, and vice versa. The blast imparts sufficient 
rigidity and directivity to the flame. The construction of the port end itself also undergoes some modification. 


The system described for supplying cold gas of high calorific value to an open-hearth furnace gives a 
good self-carburation of the gas and increases the luminosity of the flame. 


This system of gas supply has been put into operation in the open-hearth furnaces of the "Azovstal’” and 
“Zaporozhstal'" plants and the Magnitogorsk Metallurgical Combine. 


* * 


REMOTE OPERATION OF PLUGS IN THE STEEL-POURING 
LADLES 


P. K. Morokov 


Kuznetsk Metallurgical Combine 
Translated from Metallurg. No. 8, p. 14, August, 1960 


In the steel pouring operation at the KMC, a_ hydraulic control system is used for remotely operating 
plugs in the two-plug ladles. The arrangement consists of an oil reservoir, two detachable power cylinders con- 
nected by means of hoses equipped with slide valves, an oil-pumping unit and slide valves. The unit is attached 
to the right side of the pouring crane. The power cylinders are attached te the ladle-plug stem. The system of 
oil flow during all four ways of positioning the plug is shown in the diagram. 


Safety valve 


Schematic representation of the system of remotely operating plugs; a) when raising the plug; b) 
when lowering the plug; c) when the plug is fixed in position; d) when on manual pouring; 1) oil 
reservoir; 2)cylinder; 3)pump suspension; 4)pump and filter; 5)a device for controlling oil pressure; 
6-7)electromagnets; 8)valve box; 9-11)slide valves; 12)throttling device; 13) safety valve. 


: 
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Raising the plug: The electric motor (6) which raises the slide valve (9) is switched on. The oil flows 
through a throttling device (12), by means of which the quantity of oil may be controlled, and enters the upper 
side of the cylinder under pressure. Oil excapes from the lower compartment through the valve (9). 


Lowering the plug: The electromagnet (7) is switched on and it throws the valve (10), which, in turn, opens 
up a path for the oil to enter the lower cylinder compartment and simultaneously allows the oil to escape from 
the upper compartment. A safety valve is located in the oil line; it allows regulation of the pressure when lower- 
ing the plug. In this way protection is provided for the cup, plug body and the stem. 


Fixing the plug: Both magnets are switched off and the slide valves are closed. The plug remains in the 
required (raised or lowered) position. 


It is anticipated that in some specific cases a rapid switch to manual pouring would be desirable. Then 
the slide-valve switch (11) should be turned and depressed to the limit of its travel. This opens the drain for the 
oil from both cylinder compartments, and closes the oil supply line from the pump. When there is no oil in the 
cylinder there is no interference with the manual operation of the plug. 


Further work with remote operation of steel pouring has made possible a fully safe pouring operation, 


obtaining improvements in steel quality, and eliminating the possibility of accidents which involve the plug 
apparatus. 


Author attestation No. 125011, class 31 S,270 g has been issued in the names of the following: L. S. Lulen- 
kov, M. D. Zaslavskii, I. V. Chuvikovskii, S. P. Kochnev, P. K. Morokov, N. M. Kurpyaev, and L. S. Klimasenko. 


* 


* 


LINING OF ELECTRIC-FURNACE WALLS WITH PLASTIC 
REFRACTORIES 


S. Ya. Barin 


Uralvagonzavod 
Translated from Metallurg, No. 8, p. 15, August, 1960 


Magnesite and chrome-magnesite wall linings in electric furnaces at the Uralvagonzavod casting depart- 
ment (foundry) had a usual life of 30-50 melts. Such a low durability was explained by the following: sudden 
cooling of the walls when charging scrap, frequent furnace shutdowns (work based on days off), and wrong shell 
shape(cylindrical), Attempts to use, instead of brick, magnesite biocks made with the inclusion of coal pitch, 
did not yield expected results because of insufficient tendency of the blocks to bake. Yet, the strength of the 
blocks was higher than that of the brick lining. 


It was decided to line the electric furnace walls with a plastic refractory mass which exhibited good duc- 
tility in the green state, high tendency to bake, and a high strength in the baked state. 


The mass was made from 88-94% magnesite powder, which was passed through a screen with 3mm open- 
ings, and 6-12% finely ground refractory clay. This mixture was added to a solution of sodium silicate of speci- 
fic gravity of 1.15, and mixed to a dough-like state. Ground chrome-magnesite brick, dolomite, and chrome- 
ore waste could be used instead of the magnesite powder. If the magnesite powder was pure, 6-10% iron shavings 
or cinder could be added to the mix. Moisture content of the mass was 14-18%, 


After laying the bottom, an arch is laid over the tapping hole and this serves as a base for the wall. 
Alternately a form of 1.5-2.0 mm steel sheet may be made. Over the charge door a water-cooled metallic 
frame is installed instead of the arch. This frame also serves as a base for the wall. The mass is spread in layers 
of 150-200 mm in thickness over the whole furnace perimeter and is tamped in by hand. The wall is inclined 

by 25°; its thickness is 370-400 mm at the bottom and 120-150 mm at the top. 


In order not to damage the not-yet-hardened walls,sheets of iron are layed over them. The furnace is 
carefully charged. New walls are not dried; they bake in during the first few heats. After every heat the furnace 
is repaired with a mass that contains 18% moisture. The areas which have been badly injured are patched up by 
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hand. In order to improve the inspection and repair work on the lining, special removable platforms have been 
provided at a level of one meter above the furnace shell. 


For furnaces with an acid lining, the mass is made of 92-94% quartzite sand and 6-8% sodium silicate 
solution. The sequence of laying and repairing the lining is the same as for furnaces with a basic lining. 


Furnaces with an acid lining have a campaign life of 14-17 thousand heats, and basic-lined furnaces stand 
15-19 thousand heats. 


The new lining-application method has found use in numerous metallurgical departments of the machine 
building plants in the USSR and Czechoslovakia. 


DEVELOPMENT OF MELTING METHODS FOR NEW TYPES 
OF STEELS IN OXYGEN CONVERTERS 


S. T. Zatkov; P. Ya. Kravtsov, aid S.. bifshties 


Ukrainian Institute of Metals and Petrovskii Works 
Translated from Metallurg, No. 8, p. 15, August, 1960 


The quality of some types of steels made in oxygen converters is comparable to that from open-hearth 
furnaces and better than from Bessemer converters. For certain applications oxygen-converter steel rather 
than open-hearth steel should be used. For example, during wire drawing cold working is less extensive in con- 
verter steel than in open-hearth steel. Wire can be drawn to 0.03 mm from a wire rod of 5.6 mm __—_ diameter 
without intermediate heating. 


At present, the oxygen converters at the Petrovskii and Krivoi Rog Works largely produce rimming steels of 
type T (for telegraph wire), SW 08, and semikilled KSt.2, KSt.3 and KSt.0. The converters also produce killed 
steels of types 25G2S, 35GS, KSt.5, and KR62, 


At the Petrovskii Works, work was done on developing methods to produce the steels SW 08A, K 10 and 
K20 (pipe steel) in oxygen converters. 


Steel SW 08A must contain no more than 0.030% sulfur and phosphorus. Obtaining low sulfur steels in oxy- 
gen converters does not present any particular problems. Experiments have shown that steel containing less than 
0.03% sulfur can be made from pig iron which contains 0.050% sulfur. This is achieved by skimming the slag 
twice and adding fluorspar at the rate of 2 kg/ ton of metal. However, skimming the slag twice results in in- 
creasing the heat time by 15-20% and lowering the effective output by 0.7-1.2%, 


Twenty-one heats of pipe steel of type K 10 and K 20 were produced in an oxygen converter. The analy- 
ses of the steel produced satisfied the standards, and the gas content was insignificant. Rolling of 90 mm dia. 
billets for seamless-pipe production proceeded without difficulties. Testing of the pipe gave good results. 


* * * 


* * 
| 
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USE OF NATURAL GAS FOR HEATING OPEN-HEARTH 
FURNACES 


A. L. Turubiner 


Zaporozhstal’ Works 
Translated from Metallurg No. 8, p. 16, August. 1960 


The works is supplied with natural gas from the Shebelinsk field. Natural gas was, up to recently, added in 
small quantities to coke-oven and blast-furnace gases in order to increase their heating value. Experience has 
shown that such admixtures do not provide any advantages. Gas is used in large quantities in furnaces which are 
heated with heavy fuel oil ("Bunker C" type). Yet in order to retain the previous furnace productivity it is ne- 
cessary to use not less than 30% (based on heating value) of oil. 


The problem in using gas exists in the fact that cold gas, when introduced at high velocity (this is 
necessary to create a well-directed and stable flame) does not give a sufficiently luminous flame. Accordingly, 
the following method of feeding gas was developed. 


Air, to the extent of 40% of theoretical required for complete combustion, is passed through the gas regen- 
erators. Natural gas is introduced into the vertical uptake. When the gas and the air meet, a part of the hydro- 
carbons in the gas are decomposed to give carbon soot. Combustion of this soot within the furnace imparts to 
the flame a sufficient amount of luminosity. 


Gas is supplied to the furnaces through an 80 mm pipe. Immediately at the inlet block, under the operat- 
ing floor, gas pressure is reduced by means of diffusion-type expanders, after which gas ducts are 150 mm in 
diameter. 


In the vertical uptake the gas undergoes partial combustion with production of carbon soot. 


The above described method has enabled conversion of a few open-hearth furnaces for combustion of natu- 
tral gas only. An analysis of the operation of four average-size furnaces and of one large-size furnace has shown 
that heat time is reduced by 9% and the specific fuel consumption is reduced by 6%. 


Presently the design of inlet blocks for natural gas introduction is underway at the works. 


* * 


* 


MELTING AXLE STEEL IN LARGE OPEN-HEARTH FURNACES 


N. V. Keis, O. Ya. Vainshtein, and V. A. Khryukina 


Chelyabinsk Metallurgical Factory 
Translated from Metallurg, No. 8, pp. 16-18, August, 1960 


Experience was gained in 1951 at the Chelyabinsk Metallurgical Factory on the production of axle steel in 
single spout open-hearth furnaces. 


The chemical composition and mechanical properties of axle steel are laid down by GOST (All-Union 
State Standard) 4728-53 * 


The chemical composition of axle steel is, in percent; 


Ss P Cr 
not more than 


0,045 0,30 0,30 0,20 


Ni 


C Mn Si 
0,35—0,45 0,50—0,80 0,15—0,35 


0,050 


“From April 1960, GOST 4728-59 has been introduced, according to which the quality requirements for axle steel 
have been considerably raised. Editor. 
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The mechanical properties of axle steel are, in percent: 


U. T. S. (0) kg/ mm? 55-58 58.1-61 

Elongation(5), % 22 21 20 
Impact resistance, kg m/ cm* 

average of four specimens 6.0 5.0 4.0 
minimum for any one 

specimen 4.0 3.5 3.0 


Each billet of axle steel undergoes.external examination and its surface quality is inspected. Blisters, seams, 


cracks, laminations, and laps are not permissible in the surface. The end surfaces should not have traces of shrink- 
age cracks and porosity. 


Dressing of defects by gouging them out (by grinding or flame-gouging) with subsequent final dressing with 
a chisel or cutting tool is allowed. Not more than three gouging operations are permitted, neither is grinding nor 
flame gouging allowed in any transverse section: the depth of gouging for ingets up to 250 mm in section should 
not exceed 6 mm. 


Taking account of the high requirements made as to the quality of axle steel, the technical instructions for 
smelting and casting specify a number of special features which favor an improvement in the quality of axle steel. 


To obtain the required mechanical properties, an internal factory limit of 0.37-0.42% was set for the carbon 
content; with a carbon content of 0.36% the manganese content in the finished steel should be not less than 0.60%. 
For more complete deoxidation of the steel and to avoid waviness on the surface of the rolled product the silicon 
content should be not less than 0.29%. 


Axle steel is melted only in furnaces working hot. Melting it is not permitted after hearth repair or directly 
after a hot repair to the furnace. 


The charge for the melt is calculated to obtain a carbon content at melt-down, in 100-ton furnaces 0.6-0.9% 
above and in 185-ton furnaces 0.5-0.8% above the required content before deoxidation. 


In the melting down period in 100-ton furnaces not less than half a slag-ladle (capacity 11 m®) of the first 
slag is poured off and 13 slag-ladles in 185-ton furnaces. The slag is poured off again at the start of refining 
with the metal well heated. The boil goes on strongly for not less than 50 min under a basic mobile slag. The 
metal is deoxidized in the furnace with silicomanganese (5 kg/ ton) and with blast-furnace ferrosilicon, Six- 
hundred kg/ ton of aluminum is added in the ladle. The metal is bottom-poured to give ingots weighing 6.2 tons, 
wooden tubes (hot-tops) being used. The rate of filling the ingot mold is regulated, depending on the metal 
surface as it rises. 


From one third the height of the ingot mold the metal should rise with the scum washed away into the 
center, and with a 10-30 mm quiescent border at the walls. The formation of scabs, cold-shuts or boiling at 
the ingot mold walls is not permitted. 


The ingots are transferred to the blooming mill in the hot condition. After rolling the metal is cooled in 
not less than 12 hours in slow cooling pits or undergoes heat-treatment in furnaces. 


. In the factory, axle steel is chiefly rolled into 200-205 mm square, and a small part into 300 mm square. 
Billets for which the depth of gouging exceeds the limits laid down by GOST are sorted out and not put out 
according to their real designation, but are designated as steel 35-45. Therefore the quality of axle metal is 
determined by the amount of metal sorted out before rolling. , 


Melting axle steel in 370-ton furnaces was begun in June 1957. The ten first trial melts were carried out 
according to the technical instructions for small furnaces with certain additions and alterations: a) the amount 
of slag poured off in melting was 2-2.5 slag-ladles. The total amount of slag poured off in the melting and 
refining periods should be not less than 3 slag — ladles; b) the carbon content at melt down should be 0.4-0.7% 
above that required before deoxidation; c) the rate of carbon removal in the refining period should be not less 
than 0.002%%C/ min, and in the boil period, not less than 0.0020%C per min. 
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The trial melts showed that melting axle steel according to the technique established was quite possible 
and did not give rise to special difficulties. 


To study the gas content of the metal, during the pouring of the trial melts samples were taken for hydrogen. 


The hydrogen content was 3.40-7.08 cm/ 100g (average 5.51 cm?/ 100g); in the same period of time the hydro- 


gen content in metal melted in 100-185-ton furnaces was 3.24-7.8 cm* per 100 g of metal (average 5.65 cm per 
100 g). 


The macrostructure of the metal 


Results of Macrostructural Inspection of Trial and Production Melts pies — se ee from the lead- 
ing billets, marked with letter A after 
Furnace capacity, s hs No. tested No. of defective samples - cutting off the shrinkage head (16%), 
rae ge 3 and with letter H (bottom of the ingot). 
PP @| scabs] samples eta scabs} looseness The templets were taken from one in- 
8 got of the second and of the final group 
370 A 10 36 0 0 0 poured. 
370 H 10 713 0 0 27.3 . ‘ 
100- 5 
ture of billets from below the shrink- 


age head to be satisfactory. 


Despite the large incidence of porosity in the lowest part of the ingot, the quality of the macrostructure of 
the lowest part of the ingot in the trial melts was not worse than in melts made in 100-185-ton furnaces. Further 
development of the optimum condition for filling the bottom of the ingot and increasing the part cut from the 
bottom from 2 to 2.4% made it possible to get rid entirely of the presence of porosity in the bottom of the ingot. 


Rejections before rolling because of the presence of surface defects in the trial melts stood at 20.6%, and 
in production melts at 20.5%, which is practically the same. The mechanical properties of all the trial melts 
fulfilled the GOST requirements. 


On the basis of the results obtained it was established that metal from the ten trial melts in 370-ton fur- 
naces is not inferior to the metal smelted in 100-185-ton furnaces. Moreover the results obtained have been 
verified on a production scale. In June to December 1957, 137 melts were made. The macrostructure of the 
metal, the quality of the surface of the rolled product, the mechanical properties and the quality of the metal 
according to the customer hardly differed at all from the quality of metal in production melts in 100-185-ton 
furnaces, smelted in the same period of time. 


The results of the trial melts showed the full possibility of smelting axle steel in 370-ton open-hearth fur- 


naces without lowering the quality of the metal. At the moment axle steel is smelted in the factory in 185 and 
370-ton furnaces. 


Figures characteristic of the quality of the metal obtained in the period 1956-1959 are set out below. 


1956 1957 1958 1959 
Unsatisfactory from complaints,%.............. 1,37 1.25 1.32 1.02 


With the aim of improving the macrostructure, mechanical properties and surface quality of axle steel, a 
slag and temperature regime for melting was developed. Increasing the amount of slag tipped off in the melting 
and refining periods and raising the slag bascity made it possible to reduce the phosphorus content in the finished 
steel—in smelting in 185-ton furnaces down to 0.028% and in 370-ton furnaces down to 0.030%. At the moment 
about 75% of melts have a phosphorus content in the finished steel of less than 0.02H%. 


Measuring the temperature of the liquid steel with platinum /platinorhodium thermocouples made it 
possible to establish the optimum metal temperature in the course of a melt. These were, at the start of refin- 
ing 1530-1550°C, at the start of the pure boil 1545-1575°C and before deoxidation 1610-1625°C. 


Establishing these optimum temperatures acted favorably in improving surface quality: rejects before rolling 
in 1958 stood at 10.4% instead of 16.6% in 1957. 
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A RAPIDLY BURNED-IN HEARTH * 


D. F. Nagovitsyn 


Nizhne Tagil Metallurgical Combine 
Translated from Metallurg, No. 8, pp. 18-19, August, 1960 


An open-hearth furnace with a hearth area of about 50 m* was shut down this year on February 17, at 13 hr 
20 min for major repair with hearth replacement. Metal parts were replaced selectively ~ only the most eroded. 
The hearth was sprayed with water: since it had not become impregnated, after 24 hours it was shovelled out. 
The hearth was lined in the following way: asbestos, 25 mm; light weight refractory 115 mm; two fireclay courses 


flat, 130 mm; magnesite, one course flat, 65 mm, one course on edge 115 mm, two courses standing on end, 460 
mm (thickness of magnesite lining 640 mm). 


On February 21 at 16 hr 30 min after completion of the repair coke-oven gas was fed into the working 
volume through burners and at 8 hr on the 23rd gas was run through the regenerator brickwork. 


At 7 hr 20 min on February 26, slagging the hearth was started; the slag was thrown in with a fettling 
machine. The temperature of the roof at this time was 1700°C, and of the hearth 350°C (according to a thermo- 


couple, situated under the first layer of the magnesite brickwork, reckoning from the floor). Some thermal data 
about the burning-in period are shown in the figure. 
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Thermal data during the burning-in of the hearth. a) Roof; b) air; c) and d) right and left air 
regenerative chambers respectively; e) blast-furnace gas; f) coke-oven gas; g) hearth. 


In slagging the hearth, front and rear walls and banks, 65 tons of slag was used. In 5 hr 30 min after the 
start of slagging about 7 tons of slag was removed from the furnace. Then through all the doors 6 tons of hearth 


cinder was thrown in, and in 10 min 4 tons of slag was poured off; remnants of it were blown from the hearth with 
compressed air. 


* The hearth was built up by chief-master I. A. Shirnin under the direction of S. N. Kondrat'ev, the burning-in 
technique was controlled by Zh, A. Vydrin, E. K. Kozhenikov, N. B. Kuznetsov, and M. A. Cagatulin. 
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Analysis of Materials for Burning-In the Hearth and the Composition of the First Layer 


Chemical composition, % Granular composition, 
% remaining on sieve 


Materials 


SiO, | Al,O,| CaO} MgO| Fe | FeO | Fe,0,) MnO|P,0,{ Mn| P | S 


6 mm 
3mm 
2mm 
mm 
0,49mm 


Magnesite 2,12 | 0,55) 2,13/93,0 | 1,16) — | 1,65) —} —] —] — 5,87) 5 
powder 


ome 13,7 | 9,9 | 8,7 | 4,5 | 6,9] 1,32) —} — | —] 1,5 |15,35}13,0 |25,75) 4,70|39,70 
slag 
Hearthcinder | 0,26) 0,23) 1,3 | — |72,0 |60,4 |35,9| — | — | 1,5 | 8,75] 6,75/30,0 |11,25141,75 
5 samples of 4,5 | 0,92) 2,41/80,82) 7,28) 5,04) 4,83] 1,14) 0,34) volumetric. — | 2,8g/cm$ 

first hearth weight of sample 


layer 


At 14 hr 30 min, 3000 kg of magnesite powder was introduced through all the doors; the first layer was 
heated thoroughly for 6 hr. At 19 hr samples of the burned-in material were taken from al] five doors; the varia- 
tions in analyses were comparatively small. In the table the average analysis of these specimens is shown, to- 
gether with the composition of the materials for burning-in. 


At 19 hr 10 min, 1500 kg of hearth cinder was thrown on to the hearth; at 21 hr 25 min, 25 tons magnesite 
powder; and at 22 hr 10 min, another 10 tons of magnesite powder. 


The second layer was thoroughly heated for eight hours. 


At 4 hr 38 min on February 27, the fettling machine put in 6 tons of hearth cinder, and in 19 min about 
400 kg magnesite powder to level off and dry certain parts, and at 5 hr 10 min another 6 tons of hearth cinder was 
charged. Then at 5 hr 45 min, 6 hr 15 min and 6 hr 44 min an additional 14 tons of hearth cinder was introduced. 
In this way, 26 tons of hearth cinder was used in slagging. Just at 7 hrs, after the second slagging, 3000 kg of 
slag was poured off and at 7 hr 20 min the charging of liquid pig-iron for the first melt after the repair was start- 
ed. The weight of the melt was 135 tons. 


The melt of St3kp was tapped at 13 hr 05 min (duration of melt, 5 hr 45 min). During the pure boil the 
slag was mobile. 


In this way the hearth was built up in two layers in 24 hours. The total repair, from pouring the last melt 
to starting to charge the first new melt, took 234 hours, that is 9 days 18 hours. 


The following materials were used in burning-in: 33 380 kg magnesite powder, 65000 kg crushed slag and 
33500 kg hearth cinder. 


In the two slagging periods about 16,000 kg of slag was poured off. About 82 tons of slag and hearth cinder 
remained in the hearth. 


After burning-in, 67 heats were smelted on the hearth. The first repair took 2 hr 35 min. Lost time on the 


furnace for March was 0.3% instead of 1.19%, the average for the shop. One hundred heats were smelted in the 
month. 


* 


* 


* 
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Rolled and Tubular Products 
ROLLING GROOVED SPRING STEEL 


L. V. Andreyuk and Ya. B. Furman 


Engineer- groove-designers at the Magnitogorsk Metallurgical Combine 
Translated from Metallurg, No. 8, pp. 20-23, August, 1960 


The production of grooved spring steel (GOST— All-Union State Standard— 7419-55) presents great dif- 
ficulties, despite the simple form of the cross section of this profile. The defect most difficult to eliminate is 
asymmetry of the profile about its vertical axis. To obtain the profile consistently depends on the construction 
of the working stands, on the groove design, on the roller guide equipment being used and on the construction of 
the rolls of the finishing stand. 


Rejects because of profile asymmetry arise chiefly in the finishing stand. It is therefore most desirable to 
use a special finishing stand with roller bearings or liquid lubrication and roller guide equipment for the rolls. 
The installation of such a stand on section mills with textolite (resin-impregnated fabric) bearings and ordinary 
friction guide equipment for the rolls is not always feasible, and, because of the small amount of groove spring 
in the total assortment of rolled material, is not everywhere economically justified. 


On ordinary section mills, from experience, certain measures have been developed to combat the basic 
defect in this profile: these make it possible considerably to reduce material rejected or relegated to the second 
grade because of profile asymmetry. 


In Fig. 1 are shown the most typical groove-design schemes for grooved spring steel. Of these the least 
successful are the schemes with enclosed and semi-enclosed grooves. These grooves, although their deficiencies 
are well-known, nevertheless do not eliminate profile asymmetry defects and do not make it possible fully to 
use the permissible variation in the workpiece breadth and profile asymmetry. 


There is no sense in forming the groove and projection in several grooves (Fig. la, b): this only causes 
additional scrap in setting up the mill. 


At the moment, the groove-design schemes for spring steel most widely used because of their simplicity 
and universal applicability are those with unrestricted spread (Fig. 1c,d). These schemes, as distinct from the 


preceding ones, make it possible to use fully the permissible variation in the width and symmetry of the profile. 


By far the most sensible form for the prefinishing section is a flat workpiece (Fig. 1d). In this case there 
are hardly any axial forces to displace the rolls of the finishing stand, and also the possibility cannot arise of get- 
ting rejects for nonfulfilment of the projection and groove. However, increased pressures are required in form- 
ing the projection, and these frequently exceed the strength of the rolls and the power of the motor. 


To reduce the pressure in the finishing pass and to get a projection on the profile made in the prefinishing 
flat pass, it is desirable to use a gentle ridge. Its shape and dimensions should ensure a) that the projection is 
completed in the finished profile even if some displacement of the vertical axes of the prefinished workpiece / 
cross section and of the finishing groove occurs (this is always found in practice): and b) that axial forces, aris- 
ing in this way in the finishing stand, should be reduced to a minimum. 


The following dimensions may be recommended for the dimensions of the ridge of the prefinishing pass. 


h= (0.65 - 0.8)r; b =(3.5 - 4)r, 


where h and b are the height and width of the ridge in the prefinishing stand, and r is the radius of the projection 
in the finished profile. 


The position of the on-edge groove in the groove-design and its construction exert a strong influence on the 
dimensional accuracy. The least variation in width will be with the on-edge groove directly before the finish- 
ing pass (Fig. 1d). However, with inadequate power on the finishing stand, when it is necessary to work with the 
preliminary formation of a ridge at the position of the projection of the finished profile (Fig. 1c), a constant di- 
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rection of tilting the workpieces after the on-edge pass has to be ensured, and this is sometimes rather difficult. 
In this case the on-edge groove is used in the third (counter to the course of rolling) pass. 

The shape of the on-edge groove is of great importance: in many existing groove-designs its bottom is con- 
cave; the curved edges of the workpiece, coming into contact with the passes of the following stand, give rise to 
rapid wear in them. This impairs the symmetry of the profile. From this point of view it is desirable to use a 
straight bottom. Experience shows that the radius of curvature of the edges of the finished profile specified by 


b 


Fig. 1. Groove-design schemes for grooved spring Fig. 2. Diagram showing an asymmetric profile 
steel.a) Rolling in enclosed grooves; b) rolling in being obtained. a) By mutual movement of the 
semi-enclosed grooves; c,d) rolling with unrestrict- groove axis and the entrance guide equipment; 
ed widening. b) by mutual movement of the rolls. 
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Fig. 3. Shaping of finishing stand rolls according to the old method. a) Position of the rolls in shaping I 
and II grooves; b) position of the rolls in shaping III and IV grooves. 


GOST will result from the natural spreading of the workpiece in the unenclosed finishing groove. The use of a 
straight bottom instead of concave on the on-edge groove markedly raises the life of the passes and the accuracy 
of the profile. 


To obtain a symmetrical profile, free-play between the workpiece and the guide-passes of the finishing 
stand should be cut down to a minimum. Generally the leading and tail ends of the workpiece are wider than the 
middle; therefore, in setting up, the free-play between guide-passes is fixed according to the leading end of the 
workpiece. Closer setting-up of the incoming passes of the finishing stand (according to the width of the middle 


334 


: a b ve d 
| 
a 
| 
| 2 
| 10% | S | Was 
rT = 105 92 725° 19 75 
=> b => 
pe) 
19 125 19 


part of the workpiece) leads to jamming of the leading ends of workpieces in the entrance guide equipment and 
to breakdown. 


To eliminate this deficiency, on the prefinishing stand of a 300 mm roll-diameter mill No. 1 at 
MMK, entrance guide equipment with vertical rollers is used. Thanks to the small pressure in them the 
width of the workpiece is kept constant in its length, and this makes it possible to carry out a tighter setting-up 
of the guide-passes on the finishing stand. Putting this measure into practice made it possible to reduce consider- 
ably the yield of material rejected or relegated to second grade for profile asymmetry. 


As was remarked earlier, material rejected for profile asymmetry arises chiefly in the finishing stand. It 
results from mutual displacement either of groove axis and entrance equipment (Fig. 2a) or of the rolls in the 


axial direction (Fig. 2b). To prevent scrap it is especially important to have the rolls correctly set up and to fix 
them in the axial direction. 


For many years on mill 300-1 in our factory, a roll-design for the finishing stand has been used, which is 
‘shown in Fig. 3. Axial movement of the rolls is limited only in one direction by cones on both sides of the rolls. 

Insofar as there are four grooves on each roll, an attempt was made to make up for wear on the cones by 
cutting the grooves in such a way that the cones work on one side in using one pair of grooves and on the other 
on using another pair (Fig. 3). However, in this method of groove cutting their purpose was not fulfilled because 


of unavoidable variations in the performance of rolls and the wear of the cones on working on the first groove of 
each pair. 


Therefore in practice the rolls were fixed in the axial direction only by means of side bushing of the text- 
olite bearings, the rapid wear of which had to be taken up after rolling 30-50 workpieces. 


A deficiency in the machining method mentioned consists also in the fact that to cut the cones on the up- 
per roll it is necessary to machine away from the diameter 372-327 = 45 mm of the most wear resistant layer of 
cast iron. Working with the cones makes an increase in the dimensions of the side shoulders necessary which, 
with the given machining method, takes up 34% of the total flank; consequently the rolls are not fully used accord- 
ing to the straightforward designation. 


At present a roll-machining method is used which was put forward by Czech groove-designers who visited 
the Magnitogorsk Combine in 1958 (Fig. 4). The chief doubts about introducing this method on our mill had 
arisen because of the high rolling speeds in the finishing stand (up to 10 m/ sec) exceeding by several times the 
speeds on comparable Czech mills. 


In the method proposed, a steel collar is fitted hot onto the upper roll. To guarantee its fitting on the roll, 
the contact surfaces are completed with shoulders. 


The collar is prepared from steel of the following chemical composition, %. 


Cc Mn si Cr Ni Mo S and P 
0,18—0,24 0,9—1,2 1,2—1,5 0,6—0,9 0,9—1,2 6,1—0,15 less than 0,035 


Experience in use has shown that this steel has good wear-resistance. 


The side surfaces of the collar in the upper roll and of the channel in the lower are accurately perpendic- 
ular to the roll axis. The total lateral clearance in the channel is about 0.1 mm. This fitting of the channel to 


the collar is one of the most responsible and difficult operations in the process of preparing the rolls on centerless 
roll lathes. 


Since the channel is cut without inclination of its side walls, it is impossible to restore its initial width 
after regrinding. Therefore, on the lower roll,shoulders are machined on both sides, and before regrinding, a 
new channel is cut on the other side of the roll (shown dotted in Fig. 4). After two working campaigns the lower 
roll is reground to a flat flank and is used for rolling flat material (the channels are not disturbed in doing this), 
and a new lower roll is ground for the upper roll. 


To ensure that the grooves fully coincide after regrinding the lower roll, the projections on it are machined 
according to a special notched templet, the side surface of the channel serving as measuring base for this. 


No lubricant is supplied to the rubbing surfaces in the working process. The collar and channel are copious- 
ly cooled with water, which partially fulfills the role of a lubricant. Only one roll is fixed in the axial direction, 
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Fig. 4. Shaping of finishing stand rolls with the new 
method with a shrunk-on collar. a) Preliminary 
machining of the upper roll; b) steel collar;c) the 
roll-pair assembled after final machining. 


and the second remains free. Such a method of roll-machining eliminates relative movement of the rolls, and 
the need to regulate the rolls therefore almost disappears. 


As a result of going over to the new method of cutting, the amount of material scrapped or relegated as 
second grade for size and profile asymmetry was reduced, and labor costs on dressing and trimming the finished 
product were made several times less. 


Material rejected or second-graded for profile asymmetry in the seven months preceding the change-over 
was 1.77% which constitutes 46.6% of the total rejects and second-grade material for other rolling defects. After 
changing over to the new method of machining the rolls, material rejected or second-graded for profile asym- 
metry in the five months was reduced to 0.69%, that is, by a factor of 2.57. 


Roll life was more than doubled. This was achieved because, with this method of machining, the hardest 
outside layer of the rolls is hardly removed at all. On each roll-pair not four but five grooves are now situated: 
this has involved reducing the dimensions of the side shoulders and shortening the distance between the groove 
axes by 5 mm. 


The increase in clearance in the channel because of wear of the rubbing surfaces is about 0.1 mm for each 
100 tons of rolled product. It is possible to work with one pair of rolls until the clearance becomes 1.0 mm 
(the permissible value for the displacement of the axis of the workpiece projection and the groove equals 0.5 
mm). However, further increase in the clearance does not prevent rolling. It is clear that at high speeds the 
collar is to some degree automatically centered in the channel. 


In our opinion, the roll-design described above can be used not only in rolling spring steel, but also in 
many other cases, when accurate roll-instaliation in the axial direction is required and there are no sizeable 
axial forces. 
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A NEW TILTING MECHANISM 


P. D. Nepechii and S. A. Bol'skii 


Dneprospetsstal’ Factory 
Translated from Metallurg, No. 8, pp. 23-24, August, 1960 


The tilting and feeding of the rolled work-piece of oval or rhombic profile from the roughing to the finish- 
ing train of rolling mill 280 had been achieved by a mechanism consisting of a helicoidal tilting guide, covered 
channels 21 m long and four pairs of impelling rolls. This mechanism did not ensure consistent running of the 
rolling mil!. The power of the impelling rolls was inadequate to pull the work-piece through the helicoidal 
tilting guide and feed it into the finishing train, the metal used to become jammed in the passes of the first stand 
and cool down, which led to breakdowns. 


To get rid of a cold work-piece the covering of the channels had to be removed along the whole length 
and the workpiece flame-cut; this gave rise to lost time on the mill. The impelling roll mechanisms used to 
become badly worn. 


As a result, the losses of the rolling shop from breakdown, lost time and decrease in mill production capa- 
city stood at about 130000 rubles a year. 


A creative equipment team of designers consisting of M.I. Lobarev, V. 1. Nemzer, M. S. Pasechnik, A. I. 
Laktionov, N. D. Zhekhovanov, M. I. Kaplan, N. V. Stetsenko, A. I. Osadchii, andI. S. Kudinov put forward 
a tilting mechanism of a new design and a movable live roll-conveyor, which made it possible entirely to auto- 
mate the feeding and tilting of the rolled work-piece before the first stand of the finishing train of mill 280. This 
secured an increase of 12% in the production capacity of the rolling mill from the reduction in time lost because 
of failures and repairs on the previous supply installation. 


T 


P= 


Fig. 1. Tilting mechanism. 1) Tilting sleeve; 2) guide Fig. 2. Tilting mechanism on the roll-conveyor. 1) 
roller. Indicator; 2) tilting sleeve; 3) motor; 4) crank; 5) 
guide roll. 


The tilting mechanism and drive is shown in Fig. 1. The rotation of the electric motor with electromag- 
netic band braking is transferred through a reduction gear to a crank, which through a connecting rod can move 
the tilting sleeve with the rollers installed in it. The roller profile conforms to the profile of the work-piece 
being rolled. The disposition of the tilting mechanism on the live roll-conveyor is shown in Fig. 2. 


The work-piece being rolled, in going along the live roll conveyor to the first stand of the finishing group, 
turns the pointer of the indicator, thus switching on the motor of the tilting mechanism; and the sleeve, together 
with the gripped work-piece is rotated through 90°. At the same time as the indicator is turned, a timing relay 
is switched on. When the work~piece goes away from under the pointer, the timing relay again switches on the 
motor after a delay which is required for the work-piece to get quite clear of the tilting sleeve, and the sleeve is 
restored to the initial position. 


In the electric circuit a safeguard for the motor is provided. 


* * * 
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THE USE OF ROLLS BUILT-UP BY WELDING ON CROSS-ROLLING 
TUBE MILLS 


Yu. 1. Vashchenko and E. K. Potorochin 


Pervoural'sk New Tube Factory 
Translated from Metallurg, No. 8, pp. 24-26, August, 1960 


The working rolls of piercing mills, three-roll flattening mills (Assel mills), sizing mills, mandrel mills, 
etc., are prepared from various grades of cast iron and steel. Roll life varies; the life of cast iron rolls in the 
Assel mill is especially low: these go out of commission in 40-45 hours service. 


To increase the service life of these rolls, work on surface-welding them was carried out in the factory. 


The design of the working roll in the Assel mill is shown in Fig. 1. The rolls are welded in equipment 
set up on the base of a lathe. The following technique is used: preparation of the rolls for welding, induction 
heating, welding, heat-treatment, machining to size and second heat-treatment. 


The rolls for welding are prepared from steel 1045. A recess is machined on them according to the 
appropriate templet (Fig. 2) 


On the surface of the recess there should be no oil, graphite, grease, oxides, or rust, and on the surface of 
rolls, which have been previously welded, there should be no cracks, flaws, slag inclusions or coarse network. The 
clearance, measured after shaping, between templet and roll, should not exceed 0.5 mm. 


Having been connected to the shaft, the roll with its recess is ready for welding. 


Before welding, the roll is heated to a temperature of 370-380°C by means of an inductor which is moved 
up to the roll so that its side-pieces entirely cover the roll-flank. 


Induction heating is carried out with the roll rotating, the inductor being intensively cooled with running 
water. The duration of heating is 2.5-3 hours. 


Each 30-40 min heating is interrupted for 8-10 minutes so that the heat may be. equally distributed 
throughout the total volume of the roll. The temperature of heating the roll is checked every 7-10 minutes dur- 
ing the course of the first hour after switching on the current by means of temperature-indicating pencils. 


To avoid impairing the structure of the deposited layer and difficulties in slag-removal, overheating the 
roll is not permitted; inadequate heating leads to the formation of cracks in the welded layer. 


For welding rolls,according to the recommendations of the Paton Institute of Electric Welding of the 
Academy of Sciences of the Ukrainian Soviet Socialist Republic, powder wire mark PP3Kh2V8 and flux mark AN- 
20 are used. The wire surface should be clean and unoxidized, and the flux should be completely dry without 
contamination with turnings, slag and other foreign inclusions. 


The rolls are welded with an automatic welding head A-384 in 3-4 layers with a welding step of 4-4.5 
mm, a current strength of 270-300 amp and a voltage of 30-32 v. The rate of feed ofthe wire is 56 m/ hr. 


In renovating worn rolls, the eroded places are built up with carbon steel wire 3-3.5 mm in diameter 
under a layer of flux AN-348, and then a powder-wire layer not more than 6-8 mm thick is put down. 


The welding process should be continuous. If the roll temperature falls to 300°C, supplementary heating 
is carried out. Welded rolls undergo heat-treatment in two stages: immediately after the end of welding to 
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Fig. 1. Roll configuration in the Assel mill. Fig. 2. Weld-deposited roll of the sizing mill. 


equalize the temperature and after the final mechanical treatment to remove residual stresses in the surface 
layer. This treatment consists in heating up to a temperature of 370-400°C with subsequent slow cooling (during 
16 hours) in a special heat-retaining box. 


The welded roll is machined on a roll-lathe according to the appropriate templet. The depth of cut should 
be as small as possible; black spots (unmachined places) are not permitted on the roll surface. 


After the finishing maching the roll is ground with special equipment. 


The weld-deposit quality is checked by determining the chemical composition of the deposited metal from 
turnings removed from the last layer, and by the surface hardness. The chemical composition of the weld- 
deposited layer is compared with a standard for the appropriate composition of powder-wire. 


Hardness is measured before the final (finishing) traverse of the cutter or after the final mechanical 
machining. 
Numerous tests of welded rolls carried out on mills of various types have shown: 


1) In going over to the use of steel rolls with weld-deposited surfaces on the Assel mill, the roll life in- 
creased to 75-80 hours working. 


2) By going over to steel rolls with weld-deposited surfaces on the sizing (mandrel-burnishing) mill (Fig. 
2), the replacement of cast iron rolls made it possible to increase service life almost by a factor of four with 
good surface quality of the mandrels and arbors. 


At the moment, preparations for welding rolls of the piercing mill are going on, and work is continuing on 
welding rolls of the three-roll reeling mill, since work carried out on replacing cast iron rolls of this mill by 
steel ones with welded surfaces as yet has not ensured a high tube surface quality in the reeling process. 


* * * 
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MECHANIZED COATING OF THE INTERNAL SURFACE 
OF TUBES 


A. F. Krisanov and A. 1. Shamanskaya 


Tube-shop of the Yuzhnotrubnyi Factory 
Translated from Metallurg, No. 8, pp. 26-27, August, 1960 


At the Nikopol'skii Yuzhnotrubnyi factory, coating the internal surfaces of tubes up to 325 mm in diameter 
and 14 m in length with lacquers or paints has been mechanized. 


The coating installation (see figure) consists of a lifting mechanism and a mechanism for rotating the tube, 
a system for supplying the coating material, a mechanism for moving the brush and an inclined table with a 
receptacle for the coated tubes. 


A mechanism raises the tube 20-40 mm above the level of the inclined table, so that it may revolve free- 
ly. It consists of two supports with idle rollers. The supports are raised by pneumatic cylinders. The tube is 
revolved by driven rollers which are knurled: this ensures that they grip the tube to be coated. The rollers are 
rotated from an electric motor through a cylindrical-bevel gear. 


The driven rollers are raised from below the inclined table and pressed against the tube with a pneumatic 
cylinder through a spring. In this way the tube is made to revolve. The pneumatic cylinders for raising the 


supports and for raising the driven rollers are operated from a single distributor (air distributor) mounted on a 
control panel. 


10 


Installation for tube coating. 1) Rollers; 2 and 6) pneumatic cylinders; 3) driven rolls; 4) and 15) 
electric motors; 5) cylindrical-bevel gear; 7) spring; 8) reservoir; 9) pump; 10) hose; 11) pipe; 12) 
brush; 13) baths; 14) collar; 16) coupled worm gear; 17) universal spindles; 18) rollers; 19) spring; 
20) inclined table; 21) receptacle for coated tubes. 


The coating (lacquer or paint) is supplied to the inside of the tube being rotated from a reservoir by a 
pump, along a flexible hose and a pipe, to the end of which is secured a brush which serves to work the paint on 


the inside surface of the tube. Excess coating material overflows from the rotating tube into the baths. Correct 
regulation of the amount of paint eliminates this surplus. 


The amount of paint is regulated by means of a valve on the delivery line of the pump for supplying the paint. 
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The part of the paint which gets onto the outside surface of the tube is wiped off by the collar and drips 
into the bath. 


The brush is moved along the tube by a mechanism consisting of an electric motor connected to a worm 
gear, a pair of universal spindles and a pair of rollers; the force with which these grip the tube is regulated by a 
spring. Coating the tube is carried out in the following sequence. 

The tube to be coated is positioned on the sloping table above the supports, the mechanism for raising the 
supports and rotated rollers is switched on, and also the mechanism for rotating the brush. When the brush enters 
the tube, the pump supplying paint is switched on. 


The complete coating of the inside surface of the tube is achieved in 1-2 double journeys of the brush 
along the tube. After being coated, the tube is lowered onto the inclined table, along which it goes over into the 
receptacle. 


* * * 
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WEAR-RESISTANT MATERIALS FOR MAKING ROLLERS 
FOR ROLLING GUIDES 


1. F. Prikhod*ko, V. P. Fedin, and Yu. G. Ivanov 


VNIIMETMASh 
Translated from Metallurg, No. 8, pp. 27-31, August, 1960 


At the moment, on billet and section rolling mills, roller guides are most widely used where the sliding 
of the workpiece on the working surface of guides and guards is replaced by free-movement in the rollers. 


The basic reason for the replacement of slide guides by rollers is the raising of the surface quality require- 
ments for rolled sections and billets. 


The roller guide has a number of advantages over slide guides, the chief of which is the considerably high- 
er wear-resistance of rollers as compared with guides and guards: in the long run this leads to a reduction in yield 
of “seconds” and also of material rejected because of fins and laps and to an increased mill production capacity. 


Mill roller guides are mainly prepared from alloy steels, 


The working conditions for rollers in many respects are similar to the working conditions for rolling rolls. 
Therefore one may suppose that their surface, coming into contact with metal having a temperature of 900-950°C, 
is heated to 500-600°C. 


Repeated alternation of heating and cooling unavoidably leads to disintegration of the roller surface (ther- 
mal fatigue). Alloys strong at high temperatures exhibit the best resistance to thermal fatigue. Generally they 
contain tungsten, vanadium, molybdenum, chromium. In foreign practice, a steel is also used for preparing rol- 
lers, in which cobalt appears as one of the alloying elements. 


Despite the use of expensive highly alloyed steels, the life of rolls prepared from them does not satisiy 
roll-engineers, especially on high-output consecutive (cross-country, staggered) or continuous section mills, 


The search for a further increase in roller life and for a reduction, at the same time, in the consumption 
of scarce highly alloyed steels lead to this: rollers began to be prepared from chilled cast iron and also with 
working surfaces built up by welding with wear-resistant alloys. 


In foreign practice, by far the most widely used material for weld-deposition is stellite, which is an alloy 
of cobalt, chromium and tungsten. In a number of factories in the U.S.A. rollers are used, the surfaces of which 
are built up by the alloy Colmonoy, a nickel base alloy containing chromium boride. 


For preparing rollers for weld deposition, a good weldable medium carbon steel is used. The preparation 
of rollers from constructional carbon steels with working surfaces built up with wear-resistant alloys makes it 
possible to reduce by a fair factor the consumption of expensive special steels and cast irons. The repair of worn 
rolls with built up surfaces is cheaper than the preparation of new rolls. 


The life of cast and built-up rollers depends to a considerable degree on the quality of their preparation. 
A large number of pores, cavities, cracks and slag inclusions, nonuniformity of weld deposition or of the chilled 
layer reduce roll life. In a number of cases it may be, for these reasons, less than the life of hardened steel rolls. 


During 1958-1959 VNIIMETMASh carried out a series of investigations into the life of rollers built up by 
weld deposition with various alloys and cast from iron of varying composition. The rolls (Fig. 1) were tested in 
the entering guide equipment of a consecutive (cross-country) medium-section mill 300-1 MMK and of a con- 
tinuous small section mill 300-2 ChMZ.* For roller weld deposition a series of standard electrodes were selected 
(TsN-2, Tsl-1m, TsS-1, TsS-2), developed by the welding section of TsNIITMASh. 


*N. F. Gritsuk, from MMK, and V. L. Orzhekhovskii from ChMZ took part in the work. 


TABLE 1 


Heat-Treatment Schedules for Metal Deposited with Electrodes TsI-1M and TsS-2 


Preliminary heat-treatment Final heat-treatment 
Electrode 
anneal, °C hardness|quench, |quench- |hardness temper- cooled | hardness after 
° ing me-| after ature | ; F 
Ro digm quench- °C 
ing, Rc Re 
Ts I-1M 3 hr 900°C followed by 3 | 30-35 [1200°C; oil 56-59 | 580°C;| air 62-65 
hr 720°C 3 min 1 hr 
TsS-2 2 hr, 900°C followed by 2 | 32-39 | 950 oil 55-56 | 250°C, 
hr 740°C and 2 hr 600°C 2hr | air 5660 
TABLE 2 
Results of Roller Tests 
Factory Roller material Surface hard-| Workpiece profile {Rolling | Roller life, 
ness, R, speed, tons 
m/ sec 
Magnitogorsk Steel TVM, carburized 55-57 Prefinishing oval for 32 10 1300-1500 
Combine mm diameter round 
Steel Kh10S2M 54-57 The same 10 800-900 
Chromium cast iron 45-48 10 2500-3000 
Weld-deposited; TsN-2 48-54 Prefinishing oval for 32 10 5000-5500 
mm diameter round 
Weld-deposited; TsI-1M The same 10 3500-4000 
Weld-deposited; TsS-1 52-54 10 7500-8000 
Weld-deposited; TsS-2 58—62 10 6000-7500 
Chelyabinsk Factory | Steel 5KhV2S 60-64 Roughing oval 20 X 52 6—7 2000 
mm 
White cast iron 50-52 The same 6-7 | 7400-7600 
Steel Kh10S2M 56—58 Prefinishing oval for 22| 11.5-12 | 2000-2500 
mm diameter round 
Steel 5KhV2S 60-64 The same 11,5-12 | Up to 2000 
Weld-deposited; TsI-2 49-53 11.5-12 | 4500~5000 
Weld-deposited; TsI - 1M 59-63 7 11.5712 | 6000-6500 
Weld-deposited; TsS-1 56-58 11.5-12 | 6500-7000 
Weld-deposited; TsS-2 54-56 11,5712 | 6500-7000 


The working edges of stamps for hot stamping were built up with electrodes TsI-1M, TsS-1, and TsS-2: the 
working conditions of these approximate to the working conditions of roller guides. 


In chemical composition the electrodes TsN-2, TsS-1 and TsS~2 (sormite) correspond to stellite, used for 
building up rollers abroad. 


The roller blanks were made so that the thickness of the weld layer after machining should not be less than 


4mm. 


On the side edges of the roller, circumferential shoulders were made to prevent the molten metal running 
away so that the welding of the edges could be carried out well. These are almost entirely removed in subsequent 
mechanical machining of the roller. 
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Fig. 1. Rollers for 300 mm roll-diameter sec- 
tion mills at MMK and ChMZ; a) For the pre- 
finishing oval for a 32 mm round; b) for the pre- 


finishing oval for a 22 mm round; c) for rough- 
ing ovals. 


Fig. 2. Building-up rollers by gas weld-deposition. 


Fig. 3. Chill-mold for casting rollers 
of chromium cast-iron. 


The temperature of the blanks upon welding with 
electrodes TsI-1M, TsS-1, TsS-2, and TsN-2 was about 
600°C, Before welding the blanks were heated to 700°C. 
To keep the blanks at the given temperature, welding 
was carried out continuously. If the roller dimensions 
are large, the blanks have to be heated during welding 
with a supplementary source of heat. This applies also 


to gas welding with the hard alloys VK3, sormite No, 1 
and sormite No. 2. 


Special fixtures may be used for weld-deposition and for supplying heat to the blanks at the same time 
(Fig. 2): these consist of a box lined with refractory brick and set up at an angle, in which the requisite 
temperature is created by means of gas burners, and of a mechanism for rotating the roller, the shaft of which 
goes through the wall of the box. The rotation of the shaft and the roller attached to it is regulated by means of 
a pedal mechanism. Weld-deposition is carried out in individual beads, and after putting down each bead the 
slag is carefully removed from it. The depth of base metal melted during welding should be as small as possible. 
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In order that large internal stresses should not arise in the deposited layer, leading subsequently to cracks, 
weld-deposition is carried out by the step-back method in three layers 2-3 mm each, 


After weld-deposition with electrodes Tsl-1M, TsS-1, TsS-2 and TsN-2 the rollers are immediately 
charged into a furnace whose temperature is 600-800°C and slowly cooled inside it. Thus the internal stresses 
disappear from the deposited layer. 


Metal deposited by electrodes Tsl-1M and TsS-2 is subjected to heat-treatment, the schedules for which 
are set out in Table 1. 


After heat-treatment, the rollers are turned on a lathe with cutters equipped with cutting edges of high- 
speed steel R18 and also with cutting edges of the hard alloy VK6 and VK8. 


The layer deposited by the electrodes TsS-1 and TsN-2, not being susceptible to annealing, is machined 
with cutters having a special geometry. Cutters equipped with cutting edges of the hard alloy VK3 and VK4 
have shown the best results. 


Cast-iron rollers were chill-cast from white and chromium cast irons of the following composition: 


c Si Mn Cr i Ss P 
3.2-3.4 1.8-2,5 0.50.9 0,35—0.85 0,3-0.8 0,8—1.10 0,17—0,95 
Chromium .... 2.2-2.8 0,25-0.35 0,4—0,7 15—16 0.7—0.9 0.09 0,25 


In the rollers of white cast iron the thickness of the white surface layer was about 2.5-3 mm. Rollers cast 
from the chromium iron were white over the whole wall thickness. To make machining of their internal hous- 
ings easier, in casting into the chill mold (Fig. 3), instead of the ordinary core a steel tube was inserted, in the 
shape of the corresponding internal housing of the roller. 


In trials of the rollers at MMK and ChMZ good figures have been obtained for their lives (Table 2; by life 
is meant the amount of metal passed through the rollers in the interval between their repairs). Rollers on the 
entering guide-equipment were replaced for repair at the first signs of jamming in the round grooves and on the 
appearance of surface defects in the rolled material (Fig. 4). 


The life of rollers prepared from the materials selected exceeds by several times the life of rollers from 
steels Kh10S2M, 5KhV2S, and TVM, used at MMK and ChMZ, 


On the basis of the tests carried out the conclusion may be drawn that rollers of cast iron with a white 
surface and rollers built up with electrodes TsI-1M, TsS-1, TsS-2, and TsN-2 can be used successfully in guide 
equipment of section rolling mills. 


Fig. 4. Impressions of a worn roller surface on 
the finished rolled product. 


Despite the comparatively high preliminary expenses on acquiring and preparing the technical equipment 
for producing chill-cast rollers or rollers built up by welding, and also despite the high initial cost of weld- 
deposited rollers, their use is economically more profitable as compared with rollers of alloy steel. 


The long life of cast-iron and weld-deposited rollers makes it possible to reduce by a factor of 3.5-4 the 
number of rollers required, and this in its turn leads to a reduction in outlays on necessary roller storage area. 


* * * 
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EXPERIENCE IN CONVERTING REHEATING FURNACES 
TO NATURAL GAS FIRING 


E. N. Dubinskii and A. E. Prikhozhenko 
Il'ich Factory 
Translated from Metallurg, No. 8,p. 31, August, 1960 


Oil, coke-oven gas and coke-oven gas together with oil (the oil is atomized with compressed air at 4-5 
kg/ cm? or with steam under the same pressure) are used as fuel for the reheating furnaces at the Il"ich factory. 


For burning coke-oven gas in the furnaces very simple burners of the “tube inside tube” type were installed: 
oil was similarly burned with the help of a Shukhov atomizer. 


The gas burners were made in such a way that if necessary oil atomizers could be installed in them: this 
gave the possibility of rapidly changing over from gas to oil both in the separate zones and in the furnace. 


At the end of May 1959 the plate rolling and tube-welding shops were converted to natural gas from the 
Kubani deposit. 


Natural gas is supplied to the reheating furnaces along the coke-oven gas system: it was transferred from 
the high pressure pipeline into the general-factory coke-oven gas pipe-system through a gas-regulating point. 


The construction of the reheating furnaces being converted to natural gas firing was not basically altered:. 
only the area of the gas nozzle outlet apertures in the burners was reduced in accordance with the calorific value 
of natural gas. The area of the air nozzle outlet apertures remained unaltered. 


Despite their simple construction, the "tube inside tube” type burners ensure that the natural gas is com- 
pletely burned with a small excess of air (10 - 19%), and that the temperature distribution is as required in the 
working volume of continuous and chamber furnaces. 


As a result of converting the furnaces to natural gas firing, the quality of the annealing of the metal, 
especially alloyed material, was raised. Because of the increased coefficient of heat transfer from the gases to 
the metal being heated, and because of the better temperature distribution in the volume of the furnace working- 
space, the production capacity of reheating furnaces rose by 8 - 10%. 


The increased coefficient of heat-transfer from gas to metal is explained by the fact that because of the 
comparatively slow mixing of the gas and air being fed into the furnace by “tube inside tube” type burners, the 
process of the oxidation cracking of Kubani deposit natural gas successfully goes on. The gas contains 90% me- 


thane and 8% heavy hydrocarbons, and the process ensures the formation of a large amount of carbon-black 
particles, 


Specific consumptions of comparison fuel at first were somewhat increased, but then after adjusting the 
heat régime and training the personnel, it was reduced. 


The best results are achieved on continuous furnaces equipped with a complete series of regulating and 
controlling instruments (Mill No. 1). On furnaces not having automatic regulators (Mills No. 2 and 4, the tube- 
welding shop, etc.) the results of heat-utilization were worse. This is explained by the fact that the combustion 
of natural gas takes place by more complex reactions than the combustion of coke-oven gas or oil, and the regula- 
tion of the combustion process should therefore be more exact. 


The average reduction in the cost price of the rolled product, only from differences in the cost of coke- 


oven gas, oil and natural gas, was, for Mill No. 1, 16.6 rubles per ton; No. 2, 11.8 rubles per ton; and No. 4, 6.8 
rubles per ton. 


Moreover, converting the tube rolling shops to natural gas reduced the heat consumption in the discharging, 


initial heating, pumping and atomization of the oil by approximately 2000 Mcal per month; this results in an ad- 
ditional reduction in the cost price of the rolled product of about 2 rubles per ton. 
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Hardware Production 


ESTABLISHING THE PRODUCTION OF HIGH-DENSITY 
WOVEN NETTING 


I. A. Leonov 


Lepse Steel Wire and Metallic Mesh Factory 
Translated from Metallurg, No. 8, p. 32-33, August, 1960 


Experience on the production of armored mesh netting, intended for the preparation of filters for the chem- 


ical industry, is being gained in our factory. Armored meshes are widely used in preparing various commodities 
needed by the country. 


As distinct from ordinary meshes, they are prepared not from flat but from round spirals which are wound on 
circular cone-shaped blades. The spiral is thus wound smoothly and may be prepared from cold-worked wire 
with a tensile strength of 180-210 kg/mm’. 


If transverse spirals are woven into ordinary armored netting, then the netting becomes inflexible, so that 
it becomes possible to avoid movement of the spirals relative to each other. 


An experimental netting had to be prepared from circular spirals with an internal diameter of 1.4 mm, 
wound from wire 0.8 mm diameter. The pitch of the spiral was 3.3 - 3.7 mm. The high density of the netting 
is achieved by the extremely small ratio of the internal spiral diameter to wire diameter; this also makes its 


preparation difficult. Whereas in ordinary armored nettings this ratio is 10-12, in this netting the ratio is equal 
to 1.7 - 1.8. 


In weaving ordinary armored nettings, a blade is used having the form of a truncated cone, The wire is 
drawn into the worm by frictional forces acting between it and the blade (Fig. 1). 


For the experimental netting because of the small diameter of the blade (1.4 mm), the machining of the 
cone was very difficult. Moreover, the strength of such a cone-shaped blade at its smallest section is inadequate 


for the normal process of weaving. Therefore, instead of a blade, spring wire, mark OVS, diameter 1.4 mm, 
cold-worked after drawing, was used. 


At the Lepse factory, attempts were undertaken to prepare test netting on a cylindrical blade from cold- 
drawn low-carbon wire with a large back-tension. However, these attempts were not successful, since the elas- 


ticity of the wire prevented its complete contact with the blade, as a result of which the wire was not drawn into 
the worm, 


In this case, the worm was wound by hand on the cylindrical blade, and its form was therefore cylindrical. 


The strip for the worm was set up at the required angle to the blade clamped at both ends in vises; one end 
of the strip was gripped, and the other, free, was wound around the blade. 


Hand winding does not ensure that the pitch of the worm is accurately maintained even after subsequent 
adjustment; consequently, obtaining an accurate pitch in the netting is not ensured, Therefore, for additional 
adjustment to the pitch of the wire spiral in the weaving process, in the path of movement of the spiral, directly 
after its exit from the blade, two clamps were wedged. A change in pitch in the larger or smaller direction is 


achieved by the movement of these clamps along the axis of the spiral. This operation requires much skill of 
the operator. 


An adequate back-tension was imparted to the wire before entering the worm by passing it at a suitable 
angle through 2 - 3 metal clamps. 


The tests carried out showed that the best wire for preparing the experimental netting was low-carbon an- 
nealed wire 0.8 mm in diameter having a tensile strength of 36-40 kg/mm’, and a percentage elongation of 
30-35%. In other words, the more plastic the wire, the more easily does weaving with cylindrical blades take 
place. Wire with high plastic properties beds down sufficiently closely on the blade and in this way ensures the 
necessary friction force to draw the wire into the worm and to carry out the weaving process normally. 


347 


The experimental loom, prepared by the efforts of the experimental group of the factory laboratory, did not 
differ in principle from the ordinary weaving loom. 

The loom's electric motor is an asynchronous three-phase motor, 0.4-0.6 kw power, 1410 rpm, It is switched 
on from a magnetic starter by depressing a foot pedal, The working spiral (worm) is clamped to a wooden table. 
The blade is connected with the motor shaft by means of a clutch, For lubricating the blade, an oil reservoir is 
set up from which oil is fed drop by drop onto the weaving assembly. On the installation 40 linear meters of ex- 
perimental netting has been prepared. 


Fig. 1. Diagram of winding a spiral. 1) Blade, 
2) worm; 3) wire. 


Fig. 2. The construction of high-density 
netting. 


To determine the weight of one square meter of the armored netting, the formula was derived: 


nd?tn 
4 sina 


where P is the theoretical weight of one square meter of netting,kg; d is the wire diameter, cm; t, is the pitch 
of the spiral, cm; n is the number of turns of the spiral per meter; y is the density of the metal, g/ cm’; N is 
the number of spirals in one square meter of netting; @ is the angle of pitch of the helix, degrees. 


The weight of one square meter of the test netting calculated according to this formula was 6.15 kg. 


The active cross section of netting is equal to the ratio of the area of the apertures to the total area of 
the netting, expressed in percent. 


To determine this, the formula 


dd, 


was derived. 


The values of dy, dg, Dy and D, are shown in Fig. 2. The active cross section of the test netting was 46%. 
Experience in establishing the production of such netting has shown that, if need be, the density can still be 
raised somewhat. It is true, however, that this will increase the difficulty of preparing the netting and will en- 
tail a rise in its cost. 
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Experience of Innovators 


WORKING METHODS OF SENIOR BLAST OPERATOR 
A. A. KUSHNAREV 


M. M. Gladkii 
Head of the Blast-Furnace Group of the Work-Study Laboratory 
at the Dzerzhinskii Works 
The personnel of our works has undertaken to attain the output planned for 1965 in 1963, 


The best results at the blast-furnace shop have been achieved by the team in which Andrei Alexandrovich 
Kushnarev works as Senior Blast Operator. 


The blast furnace at which A. A. Kushnarev is working was built to the second standard design of the Gip- 
romez in 1954. 90% of the charge is sinter; the average iron content in the charge is 50.5%, 


A shift change 


As a tule, A. A. Kushnarev comes to work one hour before the change of shift. For the first 30 min he 
studies the operation of the furnace during the previous shifts; he learns the composition of the charge, the change 
in the method of charging, checks the furnace temperature by the analysis of products, by their appearance, by 


the operation of the tuyeres and by other factors. From the instrument readings, he learns the operating condi- 
tions of the unit. 


During the take-over of the duties, A. A. Kushnarev carefully checks the operation of the blast-furnace 
stoves, the condition of the gas and air-blowing equipment, the working condition of the plant and the instru- 
mentation. He sees to it that any repairs or adjustments are made if necessary. 


By considering the various recorded operation data and having asked the previous shift for information 
regarding the operation of the furnace, the senior gas operator is in a position to form a correct judgment on the 
operation of the furnace and he can plan in advance what operating conditions should be maintained. 


After a detailed study of the furnace operation, A. A. Kushnarev attends the shift change meeting which 
starts 30 min before the shift change. At the meeting, after discussing the work of the team of the previous shift 
he describes the operation of the furnace and the condition of equipment in his section, and explains how he 
proposes to carry on the operation during the next shift. Here, after hearing the reports on the position at other 
sections from other members of the team, the senior gas operator receives a concrete task for the next shift from 
the furnace foreman and starts his work. 


At the end of the shift when handing over to the gas operator of the next shift, A. A. Kushnarev tells him 
about the operation of the furnace during the shift, exchanges views with him and gives him advice. 


The senior gas operator begins his duty by comparing the actual data on the composition of the materials 
charged into the furnace, the order of charging and the quantity of blast with the data recorded in the furnace 
logbook. 


Blast-regime Control 


The output of the blast furnace is directly proportional to the increase in the blast rate. Therefore, A. A. 
Kushnarev aims at the highest possible rate of blast to the furnace taking care at the same time not to upset the 
even running of the furnace. The maximum rate, as determined by the capacity of the air blower, is 3600-3700 
m*/ —_ and only in the case of a substantial deterioration in the gas permeability of the charge is it reduced to 
3500 min. 


Every time the charge is changed, A. A. Kushnarev selects the optimum rate of blast at the maximum 
possible temperature aiming at an even and forced rate of the blast-furnace process and a strict adjustment of 
the blast regime depending on the gas permeability of the stock. In this way he also succeeds in avoiding an 
increase in coke consumption which may result from a deterioration in the utilization of the energy of the gas 
stream because of the excessive intensification of the blast-furnace process. 
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The temperature and the amount of blast are closely connected with and depend on the quality of the 
charge materials, the distribution of materials in the furnace top,the thermal condition of the furnace and other 
factors. If there is an increase in the gas permeability of the charge one can always increase the output of the 
furnace by increasing the rate of blast or raising its temperature. A.Kushnarev considers (and this is confirmed 
by the practice of furnace operation) that under the actual conditions of the furnace operation and when the 
optimum rate of the blast is attained, it is more desirable to raise the temperature of the blast and increase the 
ore burden relative to the coke. The senior gas operator takes care that the blast temperature is kept between 
850 and 950°C. This makes it possible to maintain an ore burden of up to 3 tons per 1 ton of coke, and some- 
times even more. 


Temperature Regime Control 


A.Kushnarev regulates the temperature regime of the furnace by varying the moisture content and tem- 
perature of the blast and the burden. If the furnace operates "too hot", the gas operator increases the humidity 
of the blast and then increases the burden. When the charge with the increased burden approaches the hearth 
the moisture content of the blast is reduced to a minimum, A,Kushnarev increases the moisture content if the 
charge descends too slowly, and only in exceptional cases does he lower the temperature of the blast. If 
the charge descends too rapidly and there is a danger that the furnace may get cold Kushnarev reduces the mois- 
ture content in the blast and raises its temperature. 


A. A. Kushnarev changes the rate of blast when: 1) the charge descends rapidly and there are signs of a 
temperature drop in the furnace; 2) the furnace has been in operation for a long period of time during which 
slips have occurred; 3) there is a rapid increase in the dust carry-out, or there are some other factors which could 
cause furnace "hanging" or upset the thermal regime of the furnace. 


In these operations a reduction in the rate of blast is applied rapidly, but an increase is introduced gradually, 


Check on the Distribution and Control of the Gas Flow 


A.A. Kushnarev checks the distribution of the gas stream from the readings of the thermocouples installed 
under the blast-furnace top, from the readings of the automatic gas analyzers and from other indications. 


It has been established by practice that the best results of blast-furnace operation are obtained when the 
temperature of the peripheral gases is 650-750°C and the CO, content in the total blast-furnace gas is 12-13%, A 
lowering in the average CO, content in the total blast furnace gas, while the CO, content in the peripheral gas 
remains the same or even increases, indicates that the center of the furnace is not adequately charged. In this 
case A. A. Kushnarev takes appropriate steps. 


To change the distribution of the gas flow, the senior gas operator applies the method of regulating the 
blast-furnace operation from above by changing the manner of charging. In this way one can utilize the chem- 


ical and thermal energy of the gases most rationally, and maintain an even operation of the furnace with a heavy 
burden, 


The normal manner of charging this furnace is coke-ore-ore-coke;the stock level, which is maintained 
constant, is 1.25 m. 


The temperature of the gases at the blast-furnace top is an important index of the utilization of the energy 
of the gases. An increased temperature at the blast-furnace top indicates that the distribution of the gases is 
irregular or that the furnace is not adequately filled. The temperature of the gas at the blast-furnace top of A. A. 


Kashnarev's furnace is 300-350°C. The difference between the readings of individual gas analyzers should be 
within 1-2%. 


For instance, if the temperature difference between the blast-furnace gases in different offtakes exceeds 
40°C, the senior gas operator takes it as a warning that peripheral channelling of gas might have developed. He 
checks this by the gas analyzer readings, by the stock indicator recordings and other indications. If the differ- 
ence between the temperature of the gas in separate offtakes is less than 30°C, he has to take steps to prevent 
central channelling of the gas stream. 


A.Kushnarev watches the gas pressure at the blast-furnace top carefully because the pressure reflects the 
distribution of materials and of the gas stream at the blast furnace top and the descent of the charge better than 
any other factor. With a strong fluctuation in the pressure of the gas its velocity changes rapidly, and a redistri- 
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bution of the materials and gas streams takes place. The appearance of peaks on the gas pressure diagram is the 
first signal of an irregular operation of the furnace. Then the senior gas operator first of all establishes the causes 
of the pressure fluctuation. These causes can be any of the following: 1) an increase of fines in the ore portion 
of the charge, 2) a rise in the temperature at the blast-furnace top, 3) the introduction of a large quantity of 
steam into the space between the two bells, etc. 


When he has established the causes of the gas fluctuation, A. A. Kushnarev, together with the furnace fore- 
man, eliminates them. 


Prevention of Hanging 


The gas pressure at the furnace top is maintained constant. However, to restore an even operation of the 
blast furnace, A. A. Kushnarev resorts to changing the gas pressure for a short time. 


At the Dzerzhinski Works, the following new method of preventing the hanging of the stock in the furnaces 
operating at an elevated pressure has been developed and successfully applied. If there are indications of a pos- 
sible hanging of the stock in the furnace, the throttle valves are opened immediately and the gas pressure at the 
furnace top is reduced. The pressure drop between the hot blast and the blast-furnace gas at the top rapidly in- 
creases and the gases break through to the furnace top. The pressure of the blast and the operation of the furnace 
become normal. After that the predetermined pressure of the gas at the blast-furnace top is restored. 


This method of preventing the hanging of the stock has the following advantages over the conventional 
method of eliminating the hanging by "settling" the stock by means of rapidly reducing the blast rate. 


1. When the hanging is eliminated by opening the throttling valves the charge in the furnace is made less 
dense, whereas the "settling" of the stock by reducing the blast rate results in compacting the charge. 


2. The output of the furnace is not reduced (the output is often reduced if a rapid reduction in the blast 
rate is employed). 


3. This method makes it possible to prevent the hanging before it becomes very serious. 


4, This method of preventing hanging has less effect on the thermal regime of the furnace, it reduces the 
probability of flooding the tuyeres or of other irregularities which frequently occur when the blast rate is rapidly 
reduced. In addition, this method is very simple. 


However, one must be careful when eliminating the hanging by means of opening the throttling valves. 
An irregular carryout of blast-furnace gas, resulting from fluctuations in the gas pressure at the blast-furnace top, 
makes the control of the furnace thermal regime difficult. Using this method when the stock is hanging in its 
lower part is hazardous because of the possibility of a redistribution of the charge materials and gas streams and 
hence resulting irregularities in furnace operation. A A. Kushnarev is very familiar with the new method of 
preventing the stock from hanging. 


If the blast pressure rises above the normal and the stock indicator diagrams show a tough descent of the 
charge and interruptions which may indicate possible hanging of the charge the senior gas operator increases the 
humidity of the blast or lowers its temperature. If these measures do not give positive results it means that the 
stock is beginning to hang in its upper part, and the operator eliminates the hanging by opening the valves for a 
short time. 


Being aware that it is much easier to prevent any irregularity than to eliminate it, A. A. Kushnarev watches 
the furnace operation very carefully. Thus, an experienced senior gas operator can in time take correct steps, 
maintain a smooth furnace operation continuously and ensure efficient and productive work, A. A. Kushnarev's 
team had hardly any furnace irregularities - such as gas channelling, stock hanging, etc. 


The Use of External Factors which are Indicative of the Furnace Operation. 


A senior gas operator has to observe a large number of factors which determine the operation of the fur- 
nace and he must be able to interpret the results of his observations. Maintaining that the instrument readings 
and logbook entries are not enough, A. A. Kushnarev carefully looks for external signs of the tuyere condition 
and the external appearance of the pig iron and slag. 


All this enables him to note any changes in furnace temperature and to determine the effect of measures 
taken earlier, before he can find it from instrument readings. A. A. Kushnarev determines the temperature and 


basicity of the slag by its color, the quantity of evolving gases and the fracture surface of a sample. From the 
presence of unprepared materials at the tuyeres, the luminosity of the tuyeres and the movement of coke particles, 
A. A. Kushnarev estimates the temperature in the furnace and its changes. The senior operator does not allow 

the furnace to operate with fouled or defective tuyeres. 


Control of the Temperature Regime of Blast-Furnace Stoves 


A high temperature of the blast can be maintained only if the blast-furnace stoves and their equipment 
are properly maintained.A. A. Kashnarev carefully observes the firing of the stoves and regulates their temperature. 
The temperature at the cupolas is brought to the permissible limit (1150°C) and then it is maintained constant. 


When the temperature at the cupolas reaches 1150°C one begins to bring the temperature in the under- 
checkers space to 350°C, 


This temperature regime of the stoves permits one to combine the utilization of the thermal energy of 
combustion products with a satisfactory heating of the checkers in the most efficient way. If the cupola and the 
checkers are sufficiently hot but it is still too early to start the blast, A. A. Kushnarev stops firing the stove and 
seals it off. In this way, it is possible to reduce the gas consumption for heating the stove and to prevent any 
cooling off of the stove which may occur if the stove were fired at a “low gas rate”. 


A. A. Kushnarev changes the stoves strictly in accordance with the current instructions. 


A. A. Kushnarev is the first assistant to the foreman not only as far as'the control of the furnace operation 
is concerned but also in all technological problems, He always sees to it that the slag is processed on time, takes 
notice of any changes in the basicity of the sinter as shown by the analysis and suggests, at the right time, to the 
furnace foremen when the limestone quantity in the charge should be changed. 


At the beginning of each tapping, A. A. Kushnarev checks the quality of the metal, and during the tapping 
he watches, at the same time, the furnace operation and the tapping so that in case of any irregularities one can, 
on the instruction of the foreman, open the snort valve in time. 


Vast practical experience and a thorough knowledge 
of the technology of the blast-furnace production enable 
A, A, Kushnarev to note any change in the blast-furnace 
even from very slight indications, to take necessary 
measures in good time and to ensure a smooth and highly 
efficient operation of the furnace. A. A. Kushnarev has 
achieved his high skill and knowledge by hard work and 
diligent studies, The use made of his experience by 
senior gas operators in other teams engaged at the same 
: furnace has played an important part in the attainment 

sai ig of an economic and highly efficient operation of the 
| Oe furnaces. We quote here some operating statistics from 
the furnace at which A, A, Kushnarev works as a senior 
gas operator. 


A. A. Kushnarev 1959 1960 
Nov. Dec Jan Feb 
Ratio of the working volume to the daily output, 
(tons/ 24 hrs) 


PlannGd cs 0.719 0.706 0.705 
Actual cc 0.708 0.694 0.689 0.692 
Coke consumption, kg/ ton of pig-iron,....... 760 155 742 700 
Idling periods, % (0.8% allowed in the production plan) 0.2 0.4 0.1 0.4 
Coke saving, tOMS ..ccccccccccccccsces In 1959 4290 244 245.4 
Reduction in the production cost of pig-iron, rubles In 1959 570994 = 95244 


For his high success in production, on the decision of the Dnepropetrovsk National Economic Council the 
name of senior gas operator A. A. Kushnarev was entered into the book of "The Glory of Labor" 
* 
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New Books 


G. N. Oiks and Kh. M. Ioffe, Steel Production (Calculations). 
Metallurgizdat, Moscow, 1960, 319 pages. 


The book consists of two parts. Part I deals with the methods of calculating the charge and heat balance 
for various types of open-hearth processes. The calculations of the thermal operation of an open-hearth furnace 
and methods of determining the consumption of deoxidizers are presented. A separate chapter is devoted to the 
determination of the main dimensions and the performance of open-hearth furnaces. The calculations of the 
amount of equipment required for open-hearth furnace shops are also given. 


Part II deals with methods of determining the operating data for converters and rotary furnaces, 


This book is of great interest not only to students and designers but also to technologists engaged in the 
steelmaking industry. 


A. F. Kablukovskii, The Masters of Electric Steelmaking 


(Experience of the “Elektrostal™ Works). Metallurgizdat, 
Moscow, 1960. 72 pages. 


The book contains a description of the advanced techniques of Shop No, 1, at the "Electrostal’” Works, 
The author describes in detail the furnaces of the shop, the steps takes to improve the service life of the furnace 
lining, the repair procedure, improvements in the methods of making various steels and alloys in the electric fur- 
naces and the advances in the organization of production and labor at the shop,e.g.,the procedure for changing 
the shift, the compilation of operation charts, the setting up of express analyses, etc., 


The author discusses in detail the methods employed by the outstanding steel melter at the Works : a Hero 
of Socialist Labor, Alekseii Petrovich Zhuravlev, and his pupils N. Vasilchikov, I. Masalskii and others, 


The final chapter, “Improvements in the Operating Statistics of the Shop", deals with the successes achieved 
by the steel melters and foremen and presents the results of the creative effort of the personnel, and the prospects 
of a further increase in electric steel output. 


The book may be useful to steel melters, steel workers and to university and technical school students. 
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Metallurgy Abroad 


HYDRAULIC DESCALING AT IRON AND STEEL WORKS 


IN THE USA 
A. M. Savin 


To produce a high-quality rolled-steel product one must supply plate-rolling mills with a starting material 
which is free of scale. 


Particular attention is paid nowadays to hydraulic descaling which is the most efficient method of removing 
scale from billets. 


With the equipment now in use, water is delivered to the billet surface to be descaled through a header 
with nozzles but this method does not ensure a complete removal of the scale; water consumption reaches several 
tens of liters per 1 m? of surface. 


Workers at the Research Center of the United States Steel Corporation consider that this method is not effec- 
tive because the nozzles produce separate water streams in the form of a jet the base of which is fairly thick. 
Therefore, the surface of the billet is under the action of high-pressure water for a long time, and as a result, not 
only the scale but also the parent metal of the billet is chilled. 


At the same time, hydraulic drives are rather bulky and complicated. 


American scientists have developed a new jet-bar type of descaler producing a dense stream consisting of 
closely spaced water droplets of high energy. The stream is flat and vey thin (approximately 75 microns), and 
water consumption is much lower than for the old descalers (3-5 liter/ m” of surface). 


The novel principle involved in this method is that in addition to the purely mechanical action the tem- 
perature effect is also utilized. A thin sheet of water is in contact with the scale for a very short time and, 


therefore, although the scale is cooled, the cooling effect does not extend to the bulk of the metal; the scale 
shrinks and is loosened and washed away with the water. 


Figure 1 shows the experimental apparatus for descaling. The cross section of the jet bar is shown in 
Fig. 2. 

The jet bar consists of two sections with cavities which form a water chamber; the two sections are joined 
by bolts which are tightened with a torque wrench so that the thickness of the water stream is uniform. The hard- 
ened knife edges are set tight against each other and their shape determines the direction of the water stream. 


The reduction in the water consumption simplified the whole water-pressurizing system. There is an elec- 
tric motor driving a submerged gear pump which pumps oil to the converter cylinder. The piston of the converter 
drives high pressure water to the jet bar. It was established experimentally that an effective descaling requires 


water at a pressure of 90 - 140 atm. At the end of the work cycle the pump is unloaded to prevent the possibility 
of water hammer. 


Depending on the designation and characteristics of the mills, various methods of placing the hydraulic- 
jet descaler have been developed. 


Fig. 3 shows the arrangement for installing the hydraulic-jet descaler on a 98 in (2500 mm) hot strip mill. 
The slab is entered from the left-hand side. The upper jet bars are mounted on a swinging scoop and direct 


water against the moving slab. The ricochet water and scale is picked up by the scoop and through the chutes to 
the scale pits, 


The lower jet bars are also set at an angle toward the moving slab. 


The water stream is inclined an angle of approximately 55° to the surface of the billet since it is convenient 
for the removal of the water and scale, 


Water is delivered to the jet bars by flexible hoses from a high-pressure water storage. The hydraulic system 
is switched in and out by means of photoelements. 


With the object of standardization, jet bars of two basic sizes, 152 and 343 mm, are being produced. Their 
location and number on a given mill depends on the characteristics of the mill. 


The descaler has two rows of upper jet bars. The first row consists of three jet bars 343 mm long and the 
second of two jet bars 343 mm long and two jet bars 152 mm long. 
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Fig. 1, Experimental jet-bar type 
descaler. 


Fig. 2. Cross section of the jet- 
bar: 1) jet rings; 2) bolts; 3) water- 
filled space; 4) hardened inserts. 
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Fig. 3. Diagram showing the arrange- 
ment of separate parts of the hydraulic- 
jet descaler of a 98-inch hot strip mill: 
1) upper jet bars; 2) swinging scoop; 3) 
and 4) chutes; 5) scale pit; 6) water mani- 
fold; 7) flexible hoses; 8) and 9) photo- 
electric cells; 10) lower jet bars. 


Fig. 4. A 53 X 6 X 13-in slab be- 
fore (a) and after (b) descaling. 


There are four lower jet bars in the descaler. The first row has one jet bar 152 mm long, the second-two 
jet bars 343 mm and 152 mm long. The third and fourth rows have two 343 mm long jet bars each. 


Whe narrow strip is rolled, the side jet bars are shut off and the corresponding power packs are cut out. 


When the descaler is used on a wide-strip mill, 5 or 6 power packs, set up in parallel and operating as one 
unit, are connected. Some of them are spare and, therefore, they are switched on in turn. 


For an effective descaling one must take into account the chemical composition of the steel since this is 
necessary to determine the composition of the furnace atmosphere. For instance, some stainless steel grades can 
be descaled satisfactorily only if they are heated in a slightly oxidizing atmosphere, but they cannot be efficiently 


descaled if heated in a reducing or neutral atmosphere. Carbon steel is best descaled if heated in an oxidizing 
atmosphere containing 5-10% oxygen. 
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New Books 


The Ferrous Industry in the Capitalist Countries. 
Part IX. Electric Drives and Automation, 
Metallurgizdat, Moscow, 1960, 452 Pages 


The author, B. A. Levitanskii, describes the present state and future development prospects of electric 
drives and the automation of the ferrous industry in some capitalist countries. New metallurgical equipment at 
works in the USA, the Federal German Republic, England and other capitalist countries is described. Of great 


interest is a survey of electric drive control systems, especially contactless systems and telephone-control sys- 
tems ("translation” systems), 


Chapter 1 shows the main trends in the development of electrification and automation in the ferrous industry 
in connection with the increase in dimensions and capacity of the basic units. 


Chapter II contains an account of electric drives and the automation of sinter plant and coke-and-chemical 


plants, Of interest are the systems for the automatic batching of charge materials, the automatic control of the 
level of materials in the bins, etc. 


Chapter III contains reports onelectric drives and the automation in blast-furnace shops. 


Chapters IV - VI show the application of electric drives and automation in rolled-steel production, Re- 
versible hot-rolling mills and continuous hot - and cold-rolling mills are discussed and recent foreign methods of 
electric motor control, and the trends in automation of mill drives are presented. 


The book contains a large number of drawings and tables which facilitate the comprehension of the infor- 
mation. It will certainly be of great interest to all metallurgists engaged on problems of automation. 


E. I. Moshkevich, Advanced Techniques of High-alloy Steel- 


making at the ''Dneprospetsstal’ *' Works. Metallurgizdat, 
Mowcow, 1960, 37 pages 


This booklet contains a description of the electric steelmaking shop at the "Dneprospetsstal' " Works, 
Measures conducive to an improved performance of the furnaces of the shop are presented. These include charge 
increase, a reduction in heat duration, a reduction in idling periods and an expansion in steel production by re- 


melting. The degasification of steel by a vacuum with the object of improving its properties is described in 
detail. 


The author devotes considerable space to a description of the work of outstanding furnace teams led by 
steel melters P, Martovod and D. Galushko. 


The booklet is intended for steel melters and foremen at electric steelmaking shops. 
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Outstanding Metallurgists 


JAMES NASMYTH 
L. M. Bekasova 


The outstanding English engineer and designer James Nasmyth was born on August 19, 1808, in Edinburgh. 
His father, Alexander Nasmyth, who was an artist, took great interest in mechanics. Young Nasmyth probably 
received his first lessons in mechanics from his father. At 17 years of age, he was already constructing models 
of machines. In particular, he made a machine for mixing paint for his father. At nineteen, James constructed 
a model of a steam car which could carry 8 men. 


The workshops of Modsley in London had a high reputation at that time. Young Nasmyth wanted to go 
there as an apprentice. Modsley, however, was reluctant to take apprentices from wealthy families. To prove 
that he was capable of working independently James brought his drawings and the model to London with him, 
Having examined Nasmyth's work, Modsley engaged him as an assistant at 10 shillings a week, 


After Modsley's death Nasmyth decided to establish his own business. Modsley'’s successor, D. Field gave 
him permission to reproduce one of the best lathes. In Autumn 1831, Nasmyth returned to Edinburgh and started 


a small workshop. In six years, as a result of his initiative and knowledge, he owned the Patrycroft Foundry in 
Manchester. 


By 1838, Nasmyth was working on improving the pouring of metal from the ladle into the molds. Up till 
then the liquid metal had been poured from a large ladle which had one or two cross handles and levers. Acci- 
dents during the pouring were common. To prevent accidents Nasmyth designed a worm gear by means of which 
one worker could turn a large ladle without any assistants, 


In 1839, Brunnel was building the steam ship “Great Britain” for which an iron shaft 30inches in diameter 
was required. No iron works would undertake to forge such a shaft. Consideration was even given to making a 
cast shaft instead of a forged one. Nasmyth decided to construct a hammer suitable for forging a 30-inch shaft. 
After long deliberations he concluded that the design of the hammer then in use had to be changed completely. 
At that time even steam driven hammers hardly differed in their form from hand hammers, They were actuated 
by means of a cam mounted on the common shaft with the steam engine or a water driven wheel. Of course, 
with this arrangement the lifting height of the hammer head was small, and therefore it was not possible to forge 
large pieces, It was necessary to build a heavy hammer which could be lifted to a considerable height and 
allowed to drop quite frequently. 


Nasmyth drew a sketch of a steam hammer in his notebook which contained numerous sketches of various 
mechanical devices in which he was interested. The sketch of the steam hammer is shown in Fig. 1. The rough 
sketch includes all the components of the hammer. In the bottom right-hand corner of the sheet there is the in- 
ventor himself, shown,with a sense of humor, imitating the old tilt hammer. 


Unfortunately, having convinced himself of the advantages of the screw shaft, Brunnel decided to use it in 
the new ship instead of the paddle wheel. Therefore, the big steam engines built for the original project were 
scrapped and the huge shaft, for which the steam hammer was devised, was never made. 


Nasmyth offered to build the steam hammer for any firm provided he could supervise the construction. How- 
ever, because they did not appreciate the significance of the invention and also because of a recession in industry, 
no manufacturer was willing to build the hammer. 


Nasmyth was convinced that his invention would be a practical success and that his hammer would even- 
tually be extensively used in the manufacture of heavy forgings. Since he had not enough money he did not 
even take out a patent. Meanwhile, his reputation was spreading. Many an expert visited his works. One of 
the visitors was the manager of Schenider Works in Krezo Bourdon in France. In Nasmyth's absence, his assis- 
tant showed the French manager the sketches of the steam hammer. And so, in 1840, during his visit to France 
Nasmyth noticed a big forged steamship shaft. To his enquiry about how the shaft was made he was informed that 
it was forged with a hammer built according to his own design. Nasmyth inspected the hammer and, magnani- 
mously, even pointed out to the French engineers some shortcomings in this hammer. Upon his return to England, 
he borrowed some money and took out a patent for the steam hammer. In June, 1842, Nasmyth built a steam 
hammer (Fig. 2) for Patrycroft Works. 
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Fig. 1. A page from Nasmyth's notebook 
with the sketch of the steam hammer. 
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Fig. 2. Nasmyth at his hammer. 


Z Everyone who saw the hammer was very impressed by the accuracy of its operation, the simplicity of the 
controls and the force of the impact. The cost of anchors forged with Nasmyth'’s hammer was 50% lower than 
those forged with an ordinary hammer; also the quality of the work was much better. 


The introduction of the steam hammer revolutionized the metal-working industry,in particular the produc- 


tion of steel plate for warships and for the manufacture of heavy artillery. Withthe introduction of the steam 
hammer the drop forging of large parts became possible. 


About 1850, Nasmyth invented a vertical steam engine similar in design to his steam hammer. The cy- 
linder was mounted at the top and the crankshaft at the bottom, in place of the anvil. These engines were ex- 
: tensively employed to drive air-blowers of blast-furnaces in the second half of the XIX th century. 


Ee Among Nasmyth's inventions are a steam engine for pile driving, a drilling machine for cutting slits or 
openings in metal parts by the horizontal movement of either the part or the drill, and some other inventions. 


At the age of 48, Nasmyth was a wealthy man. He took to astronomy which had fascinated him ever since 
his youth, As early as 1827, he made a telescope to watch the stars and from 1842 onward Nasmyth maintained 
regular observations of the moon. He improved Newton's reflecting telescope which made it possible to dis- 
cover Neptune's satellite, and he studied the structure of the “texture” of the sun. Together with the well known 
astronomer Carpenter, Nasmyth published a book containing the results of his observations on Venus, Mercury and 
Jupiter. The book was excellently illustrated by Nasmyth himself who, like his father and brother, was a gifted 


artist. 
Nasmyth died in 1890. Though by that time he was not working in the field of engineering, his name as 
the inventor of the steam hammer was perpetuated in the history of metallurgy. 
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SIGNIFICANCE OF ABBREVIATIONS MOST FREQUENTLY 


FIAN 

GDI 

GIT 

GITTL 

GONTI 
Gosénergoizdat 
Goskhimizdat 
GOST 

GTTI 

IL 


ISN (Izd. Sov. Nauk) 


Izd. AN SSSR 
lzd » MGU 
LEI ZhT 
LET 
LETI 
LETIIZhT 
Mashgiz 
MEP 
MES 
MESEP 
MGU 
MKhTi 
MO PI 
MSP 
ZVUKSZAPIO 
NIKFI 
ONTI 
OTI 
OTN 
Stroiizdat 
TOE 
TsKTI 
TsNIEL 
TsN IEL-MES 
TsVTI 
UF , 
VIESKh 
VNIIM 
VNIIZhDT 
VTl 

4 
VZEI 


Note: Abbreviations not on this list and not explained in the translation have been transliterated, no further 


ENCOUNTERED IN SOVIET PERIODICALS 


Phys. Inst. Acad. Sci. USSR. 

Water Power Inst. 

State Sci.-Tech. Press 

State Tech. and Theor. Lit. Press 
State United Sci.-Tech. Press 

State Power Engr. Press 

State Chem. Press 

All-Union State Standard 

State Tech. and Theor. Lit. Press 
Foreign Lit. Press 

Soviet Science Press 

Acad. Sci. USSR Press 

Moscow State Univ. Press 

Leningrad Power Inst. of Railroad Engineering 
Leningrad Elec. Engr. School 
Leningrad Electrotechnical Inst. 
Leningrad Electrical Engineering Research Inst. of Railroad Engr. 
State Sci.-Tech. Press for Machine Construction Lit. 
Ministry of Electrotechnical Industry 

Ministry of Electrical Power Plants 

Ministry of Electrical Power Plants and the Electrical Industry 
Moscow State Univ. 

Moscow Inst. Chem. Tech. 

Moscow Regional Pedagogical Inst. 

Ministry of Industrial Construction 

Scientific Research Inst. of Sound Recording 

Sci. Inst. of Modern Motion Picture Photography 
United Sci.-Tech. Press 

Division of Technical Information 

Div. Tech. Sci. 

Construction Press 

Association of Power Engineers 

Central Research Inst. for Boilers and Turbines 
Central Scientific Research Elec. Engr. Lab. 


Central Scientific Research Elec. Engr. Lab.-Ministry of Electric Power Plants 


Central Office of Economic Information 

Ural Branch 

All-Union Inst. of Rural Elec. Power Stations 

All-Union Scientific Research Inst. of Meteorology 
All-Union Scientific Research Inst. of Railroad Engineering 
All-Union Thermotech. Inst. 

All-Union Power Correspondence Inst. 


information about their significance being available to us - Publisher. 
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